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·arl.abl.. oUl... than bond .to-.....UI. tboo "CP'...tto ...1 ........sid. nUl
_"n an:! o....n ... , too J/4 1lIcIl. COVII aur-eltto ...1 ..-.d
tor Ull ncnot..
All tar 1Jl boUl Ull ..... tar-bond ttolt .....1:M.... and 1Jl t.h•
. ooooretto _1.1000.,. _ ttor-e.ont raUo ot 0.60 and • __
._t ...Uo ot l.5O. tIT !.¢It. Orldld. OU.va lind ...1 .._ 1Jl UI•
.....t&r lhr<Nghollt u.. lJnoUl1pUODo '!h.....Jorlt,. ot t.h. _1.11.....
.... tMt.ed .t .... I.CI or 14 daJ'"
A .Irl.ll' ..r ......... ..,....Clttol .... 11_ loolu.d1tl.l ort1t1.c11J.
~urol"WI "''','' .. &la." """ pll1t1c. n.. btlor ...... I1Md too prtorld.
"",,"I.tto,, lIl.tJI 1"" ..... laJ'_.urollt.. bolld Ilr'Inlthl. Sigrd.t1.oont
illr..._1 in .....tor-bond ._"CUI r nd ~_" illr...."t
l1PI' ..r "CP'.pt...; _ .... tho dUt waN not brc....."C
tJI. lIItur.ll ICP"lIIt.... n.. tdib••t bolld "'''.''Cthl ...... obll1/l1d
lIl.lII qurtl.11.1.
110 rollt1onlh1p Wli r_ bot...... "IV"Ic.t.. crl1n 01 cIlomCll
prcporU.. or pllJ"l1cll. _U... d.t.enlI.nId. 1Jl u.. 1 ~.U..n.
an:! til. IIOrtu..ocu.pt.. bon:! .tronctll. 'or tlIe cor>41Uon. or no
dr11nc (1.... co....t.ont IIlllrlUon) or tho ...rt.or••cu-e"w bolMi _1-
11111 1Jl lII1. lJno"\1&IUon. tho ....to•• t1.n11l1 or UI.......... """"C.lo
d14 not "-..allJ' arrlOt tho bond ._nelll.
11>. co.......w.~........ ld(n1J'l.e&nt.1J' lnnl1lO'lOod b,. tlIe
.....t&r-&fP"II.tto bond .to-onctJI ..nl7 it tho bold "_nelll. __•
",1Itl1 dllt....nt (1.... 11.11..\0111. cl an:! pl..uo). '-Ill UI.
concr.to. _ lIl.tJI OIl1.1rlJ. """"111.11 UI not I1p>1t1C11lt
illr..."",, 1n ._"CUI.
Kor~_aur.pw boncI .tn",tII. are • oa.plu _t....UOn ..r
-.chard...-.l, eJd _oal bond... '!hi. t U,.U..n ind.ic.tAo. that
eh_.al borolirll 10 r..poMUU. rar Dnderebl. _t ..r tho
boal!. d.neloped bet.........tar ... oureptAoa.
'Ill.....~ or llieroc••dd iA til. __ Ilai.." w.t '"1*'_
-.. d.a~ b7 .lelltrollie "" pa. -.pl.1tt.,.Uooo &rid -ttnc ot
the iapol tAod. b7 u.. inc. '!be ..laU_p ot UIa
"" ot 1Ii cIdzII. _ alUarow .~u. ot Ilain
to.at OpMt..tl _ tar__optAo bolld. .tre.oc1.ll ..t Ula .......
ouropw 10 dl__•
,Pl>rthnd 0_ e""....t.e ...,. tr.et...... 1n U1r.. dUr....... t WJle.
n.. tr... t ..... ...,.~ UIro\I,pl til. ,,"",at.. aM the _t P"'toO~
tIlJ.l b -.. 1n hip .t.-""Itb _ ...\00. til. tn"",," ...,. ...,cu:r at
tile l.tll«rt.... or u.. aC&ftll;et.e &rlII put., '""" t.hroucb U1. pt.ltoo •• U
...... bet_ lnt.erh"... Me 18 _ .. in 10_.~ oo......t.••
The Ul1rd rMl1bb 'G7 t ... tnctuno to oeeur h ~ til.~
61..... , bIlt tbh h DOt .. _II tn-- of tre"",,", or u.. u.r... tn-a,
tr..,tur. at tile lntct••• or u.. -.:cncat.e Nld til. pa.t.e 110.. cbnoI>.
iapU... tlon. ot b<>tw:I lUlu.. The other -.. tn>o or till...... tbat
.....rein tr..,tur. ~DIl..~ U1. ",""".te. _. I'IOt el..,.!J' 1nd!eat.e
til. uporta"". ot bo<>d. It one cou1d.... that 1n1UaUoo or tr•• t<>re
oc........ t __ po1nt l.D tJI. cot>01"OOW aM u... __I 011 towanl
faUtIN 1t 18 Uk~ tl\.ot b<>tw:I ~. an ~t.&Dt pUt 1%1 _.too
etr_Ul bJ ~dDi _ p>1nh...... "".. !.be tr.cwzed .....t•••
do.. _t abov .. lui" .-- ot _ till...... tMlt_ lob••~.\<l
and u.. pa"t.e.
111. !>om be_" aur-eo-" ancI 1'&-" or b<ot>l.., Uuo eoar.. accr"
.el.4o aM tII tar 1n .. qullt7 por1.lanll _t ""...... to 11... lone
"Mn C01II1d..-.d t1al. no. concept or bond 1\0.1 been Y1d.:L,J~
to UJIl&1Jl..",. or tb. otl -.:I prop.rt1•• ot co........" {1, 2. )}••
•~. in pannth••h t to ...:_. U.ttod 1.11 the BlbUoveph:r.
,1lI.~r_ of bold ~ 1DtIo1u•• ""W ",,,,,Ur ..............0.1
Urt."~.Uo ... baY tbat it 6M. 1DUod tnn_. u.. ~tlI
of aonente ( II. ~).
SM...al nu.t1•• (1. II, ~. 6) lLft........ cUncW<! tovard ••....-ot
or tbo n.....,tIl or tJl ot p..t.-auncIW bolld Or !.b. 0_1 _rU....
OCcrecd. bold. !ha t»d1N ...... 1a ll>b.tuUU _nt In .t l t
""" 1aportont ntult, dlJ't....m. bend .tnneth...... obt.Unod tor diU ....
...t 'unpte•• 1I1t11 ree&:'4 t.o U1• ..,tDal nat.uno at u..,bonil. littl.
varlt II.. _ dot. to ckt<or.1n. bow it oc....... _ ....t ""talc&l and.
p/>J'.leal p:'OpertJ. b'1bat.e to the procla.cUon of coo<I Or poor bolld.
'Il>i. 1:rfuu.:IUon dlr.. t<OI!. tov&<'<id.~ the natun of the
_rt ......JJnPw _ ancI _ it lnll_. aoo.,...te nnnctll.
iar1.7 1n...u.:.tlo.......... conc• ...-d wltll til. bond 1n MOO...,.
...""tnLcu.on 1•••• tile bond bootv.., ..rt&:' _ br'1'* Or .ton.. U'\'Il
O..l"",Ucn, C )21, 1..t tor eon<! $t.nonetb of a.-1c&l ll..lotant
1Iort.&r....... <I...Uoped to _ .......",II bonb. Con....... tor th... bond.
bot_ IOOrUr and. bIt11c11Dc ..t.ortal• ..-... of 1aJ>o""'-".... JI...,t
won. baa """ .......t«t 1>]' Ilob.rg (7) ...... __ til. bol>d. be_
.....tar and o&r1."". bl>Ud1.nI ..ten.b. 111. 1n'fuu.gaUonl lZ>dieated
that • 1aT<or or pl.te .... ""l"MMd OIlt boo_o fob, _rt&!" and • no~
.b.....boont bI>1l.d1IIa aater1al. lh1.~ produ. better bolld than
it • dM..... II1il or ... """""-t bo1l.d1l'lc _tc1.a1 uMd.
1J.u'l.:7 __NIts of IOOrt.lJ'."CP'"Cate bond. "UI> po.rtl.c:ul&r ..t....
....,. too ,",p'e«et. . 1>1 co...,...te..... do... ol1nll the brtquet te.tlJ>«
appuo."". no" delCJ"1_ lJl .I.S1II Doa1cnllt1on, C '90. Tut tor r-n-U.
,st.r-ncth of ll)'dr...uo e-t. IIo1'tar (8). 'lh1e appllntue .... .--ntlJr
,,_ b7 R.,. (,J u.d.~ dirMt t.oII.d.l••~ in """",...Uon
Wl.th Me It<wl:l.•• of lI1"roc::...d<. -0._ ..,.,... o.urte'" and pone
.....tar.. An t.oo ""be ",,"t in .....~ ..14 nth "....t
pl.It.e hooded. to ..cb _ ... t ....... prl_ whlab o>oal4 be t..ted 1n
.....w ...... 1......... 'lMe t.1P't of_~ o.nd _thocl or l.oad1nI vu
uld b7 .u................ \IanllD (I, 91 to obU1n u.. ~". of nptun
••• ~otth.qg~.~__t~
J. -..,. of the~t0<>DC.l"n..-rr-~.tmuUc:aUo"a
_..
,. 'Ibe .....u.z.-.ccraCn. bo:d.~ .-an.. 1I1U1 til, t;rpe of
~.too (I. ~. ,. 6).
2. Sorfau r<J<I,IIIneu lntl".,.,., the ..rt&r~.too bond .~tb
(I. 5. 10).
3. th, ~q.t<I bond. at.r.liI:th c-t&ll:f in"......... the
vatoor-.o_t ....tlo d........ (1, 5).
4, fhe ...,htw, OOJ>d.1Ucma U the tw. or toort1nc &riO eriUcoJ..
prl..-l.T due to d!'71Jlc ~I' nn,... (5).
5. lbe A" of the aurac&w .....h.c. 1>0_ 1lIt1"...... til, t>oI:d
''"''CUI, It •• 1ncl1cat«! that bond. eu-_t11 'I'" jUoporUonal
to the 101 or UIa ...e1pro<;&l of the ...... bolldood (9).
6. .&u....c.t+-pt..too bol'>ll .~t.h h an l.oIport.allt lactor or the
at.:r_th of OOIleMte in both fiuu. o.nd o"",,,runon.
n.n....... ,tal. (Ill, _ t.bI.t til, ..-pft.I<I.... atr'""ltll of
_at.. c:Ilb.a .... I"'OP"rt1onal to the qlW\t1~ (~a')
,•
..... , a u.. ...doll... of ""'Ptlano of Ibe, 1 '_aw
bond. 1ll P'1 &I>d. , • tb dill.. of "'JIWn of pt._.
,.". (&tZP) _. or _, 1,800 pod. ~ ~.ooo pili
tile ............ ~t.Il of -..-too """'" ......... to 2.000
pod..__ 6.000 pod. .......u~. If. _1 ....,...~
.... uod, it b. ftid..t 'lII.at Ut.. ~II\ _ ~t.Il.
(-.l... of ...p......) .....w (700 ¢) II1Pt ct"_ • o-pr....
Ill•••~ or S.200 pill. .........,.c to .........&11...~
or 6,000 pm tor u.o !deb..t band ~t.Il (I • .'lO po:l)
NPO'I'totd 1JI tlla 1Irf..ueau.oa.
n.. dt...t ot band 0" the n. o.l .~tI:I "" bJ'
bond at.r_U1 .&ho.. or (100 1'11) (I.~ pd.) ouJ.t1:Ic
1JI fi...-al ',,""-lobo to .. til. t41 <>1 600 pri and ,SO pat
.......U'f~.
7. 110"" .~tlI e-rall.7 1ncnoo.Ma nth ,,_ (I. ~).
n.. bond ~tw........tar and aunc........ bH.......aid...*" to boo
or boo """"0, ~e&l _ ctI-.1ul.. ftI<t -.nl.oo.l _. 1dMl1Md
...... lIItcl.oct1Jlc or _1 po.n. and ouncow.11 appo.-l.J _
__ br u.. ......p......r....d ~to•. '1M cll_<al _ h_~
e4 bT _ or ..... t~. ot 1*70:1__ .&1 _ ..."" .. 101>1. _.
LI:Id .... Ii... lful bor>!o.
Parn..nd (II) .... <>Do or u.. t1...t to lJrf••u..,ot.e tho call.. or
....netl ... 1Mo_ porU.uld _t pt._,," iltIIl. _au.. .. .t>odi_ til_
_ t or 1 ; _u.oa that~ in <Utta..-t~•• l i _l.-
ed ,,11.1> oolon<! Ct.lIad.I b&l..- br _ltIc ~\!'Op".pll1. UU" _Uooa.
,Ilo t .._ .. nrlat1 or -...1. in t.endoa _ ob~ ~U1"". bond
nr.~1 _ 01....tl.ol.1.... tile .....h~•• of ~..,..ta1. 1Oh1c:11 bad _ 1n
cootaeto 1f\th c__t pt..t.. hrTand obtaiMd til u ..t bolld .t.r....u.
lI1tl1 woU........UrlbuUd it to .....t ba ...u '<lOrTOnon' or tho
ulaU... 110 attrlbllUld. tM. 'COM"Ollon' nth l>ct>41"I to _ ...,bo.n1eoJ.
ortnrctil. pc••lb1J' __plU.UO CT1atal p-ovtlI at til. p...t.-ealclUl
lIlt-ort••• Mel til. to...."o.. ot ll.d 00111"00 ~tw_ the e&1clUl
_ the po.ate. lie d1d. not oil the .""",,,.to,," nth otlle.. n-al••
111. 01>.......U10... nth calcltoo &No or ~1&l int4ft1t O<lnriMr1.lll til.
1101 _ ••enl.-eubo....te roe!< cUo"," (11. 12).
"""... (6) 1m.aUC_Wei _t pp&nn~ .. nation'hlp b4tv....
til. _••nt p..t..~.CIl"OC.U1 bollli aM the _r or lon1ea1lJ' boW><!
OJ;T8'" etc.. 1JI til• .....h.,. ot .. -.1...raJ. ,,""caUl. lihUe "'*n:T "CPO'"
Cu... bad po.ltoo-*CIA"too bon::l atrecth.~... u.." \.J>Ill••_ bJ'
tIlel.. oxn'" 10<1. til.~ .&1..... obl.&in«l """..... oOM'wt1cn nUl
the C&1eul&t«l .-t-r of .tt..,U•• OJ;T8_ 10<10 per OIqILOre 1010roo and
the t.Mlo1h bord .tr.... th.
1tI••:d.rt&Dc. of portland __ t _rtu-aur.at.l bond. hu tnoquant-
17 _n uMd to hlp apl.I.1n th""l1... or _ ... \.41 till"",, be_t
1a'o••Ucat101l1 in tIl1. tt.ld ba... atud1.., til. !"....Uon of • ..,. ..11
lat......l creek., uli.... 1l1.......n.k•• lJl hU'd._ OOR<»-.too •• 11. h
load"" lJl ...-pn.al.o" O. S). 1lIa '* d..~ prior to load.
1nc (61. b......... th" ..,... ottoon to lI!Ien th••"""...tot h 'OnIler
oo-prutl•• load. Olld oo-pn.tl.. load 1I1 kl 'PI"'" .t tortl
to JUtI "'....."t ot th. ut1&Otot load. '1Id t.1D>f to tn....... in
__ .....w tall...... It h ~...ed tll&t th_ t_Uoa ot the.
un'OCJ'_""_ 1_ .._ to the -.u_ h1l>aI-e ot the "'~cnc-""
boood. """" 1_ ...... Ule::r no; _tl.T _ (). j).
6
,1"- ptU'p)N of th1............ w. to. .).-1M and u;>lo1n til,
l&~ton ""ntnbltt1llc tonrd bond boot>ooo.....,...."te ....,. poru.nd o_t
.....uz aftIl, b) <1.._... the 1n!1u....,. of bo"" .l.renrth .... bit...... 11\..
tlOl1nt;,. on th, .tI'_th. (........001 b1 d1tt_t w,"-l or toncraw.
"'..... 1. no .t&ndud t41,t tor "'0Ilrlnc .....~.t41 bond. ......
1\.0., &rl1 one _thod -. .""llLn",lJ' .._ 1n pr.nou. 1nouUgt.UoflI
1nrolo1.tlc ...........t. or bond .U_tIll. 111... tIIod. of bond ........~
...."" .._ by "til.,. lmuUc'l.ou ool>e1d.Nd and .....ra! proceclu.r••
...... •:rpon.",,~ with \lIItll tll At MUa1'.ctory Fro<:"""'" tor Ud.
l.Jn'uut.Uon va. d e1opecl.
1\o.'I'1Jlf: .... .u u •• _tI>od or bond _ ........t. it poulbb to
d.~ r-aU rl.a>'-ae:c"ptoo bond .~. tor of
<I1ft....nt ..1NC.te•• til. acP"I'C.te. l ......UC.ted lncl.uclo<l , V1d.
nns' or earbo"u........... 1n41&_' to til•• tate of IIld1&J>lI NId "til....
,U"C.t41., both ",.tural and arUl'1c1&l. whleh pronded • du1rabl.
r&<lC' or properU.. not ....1101:>1. W1th1n tile ...oIe. or Ind.l. .
.l ....ber or "CC"'OI!.te ob&nct....hUo. and pr'OperU &1....t.-
eel .. tacton tontr1bu.t1lI( to u.. bond tM_n u.o ocenc.te and porUMd
o_t ...rtAr. Tb... 1nI:.l.ucled ... t olll1' tlIe aunC.l.e tn>e bIlt Illoo tile
p".lUl nructur•• phJ'alcal PZ'Op<orUu. and ollt.l.al """POliti"n.
111. tntlu....,. or bond .tr"'Cth "" the '!.r«ctll of ""lII'Nte .....










































































































































































































































































































,EIPERlJeJlUL lEVEl.OPllElI'I' 01 IlIi:tlIlDS f(I
IJltSttGAn: IIOIttilWOOllEG.ltE !lOllD
Keth<:><b ot .a>Urlnc bon:! oiled by I'""'iou In...ti4;ators and.
du"ri_ In u.. IntrodueUon .... FCJ'81<>&l 140lta rr.. ""1eh ....ao.lt •
........ or d1r.. t tAonna Itr_th .... -.ll>a or ",pbu.. Other tn>-a
of bon<! ............too ....... .,.,...w.nd by tll....Utor in addition to
••tiKxl. 11_ bJ' pr.n"",. 1martl.pto..a•
• chu••~hU" ot .....tar_ac~pt41 boro::! t.ltlI h that Ul. tA-
h nt yuhbUlt;r of tho ....-It. 1.....bU••l.1 hr,. (I). Coelnchnh
of r1aUon ot teat n-.lu t)'pieall¥ r&rlIl t.- 10 t<> JO ~...,t.
!lib lar•• Tan.tlAD rO>qll1nI that • oonrld...-.bl• ...- of Ulrt.a ~
perrono" In ord... to produc. IleoaII1n&tI>l ...I\lltll. .a ... • ..!Opla, tor
• pnI~lltJ" or t1... partll In 100 thot u.. d1tt• ...,... b.bI.... u..
.-pl...u.atoo an:! the ttue Tili. h lJ"..ter WJl tho alloll.t>h
aJ..low,bl. oa.pll.llc WTOr of wn _ll1. or the ..... 81It.eon loIat
nl,.." ..at be obta1J>od (1)).
..
til., ....tbor'. tint __~ _ wlUl ....tu-aur~..t. prt••
bf._ "poll tbl tI>Dd. 11_ by lle;o:ard and \/N'd.1.I. (I, 9). n.ey"""
obt&1Md 4rota tJle ...rtu.&unocaw bord &Dd. it ..-.:l denrloblA to
".. tile _ b ...""••
'!ll4I ""tbor' ...rt&r-aur-cau. Fl.. ""'nnoted of .. ...u _ or
....1.all(IIl... pri_ of tock, ..... _ or 1Ib1<t1 _ bad _rtu cut apiDlt
1t. ttl. ,..-..1t ......,.~ priM 0... _ of 1I!I1d1 .... rock. u..
otll.,. of tar.
The p p....UOn of tile -ec:r-Pu llIto _. of~r pri__•
wlUl _tlon abo<ot .."," 1nclI ~, ..... Md Il ...... l&borl.
"". by the la<:k of .. pr..,l.. roolc..... A l1.al.t.td or~•
....... lIAlle h&Y1tl& -... ealt 11> parafnn 1<1-. ud oto..-.:! 1n .. tOi ......
• t 100 pereent troad.d1t3'. 'lll__elMna ..-ed t!'OOl til. aoldl 1n
ZIl houri and. ta.-ted at t.Ile dlnr.d. Ai_ wltll .. talllJ>c 1_ "'ot CUIU.
l ......~dm...
tile bc>l'lIiood _ of till prt.. __ nnllllto:t by~ on
(1.&.. pJ.&tal V1t.b .tIrut... of uri""••1&.. "r del"" of~..
10 tbat !.b. t1,.n1tt1 on u.. rook lIU .tth/or """f;h "r ...ry _th. Mortar
..... ,,_ l.rl._ of o_t pelU. 1>0<:..... it .... boolh.,"'" to "".........l¥
"'F_",,1 ocnd1u.on. lJ> """"...t<o &ncl~ nduce poell1bl. oohr1nk"l".
tlIe ""nar 1Jl1t1.&ll¥ \1_ C01lt.a1Md. ended ot~. _. n:.e ...t ....
c_t ratio va. 0.15 _ Ull oand.-c....t ratio .... 2.15. botb 1>1
""4;bt.
"TIl.....ult. l.nd.1.... t.d that tbe bond tM the _th .....t.... ....
P'Mter tlIatI tOir u.. ~.lMd. onrt..... "'" co""lue1on that thl
...na.r inaodfio1.,.u" 'oo"..,l1dIt.cI" qa1l>st the t1eal "Ungat"
tae., It Udpl.t.lId. that thh VI>Uld conf,l.no.e to boo .. probl_
requ1.rl.Jl& utr. atu,nUoII 111 ...1't.lJ>( U 1t w_ to btl ""•..-•
... ..... pz'O<'edIu'e far obt.o1Jl1ng ....U ....aur-c.t.. bond ~c1Mll.l ....
drt1_ ,,~ .. .Lab ,,1 ......... with one of it. .....t.... p ••"" dell1nd
nn:Lsh. 0" "'dell ..... placlld. .. pluUc O_"t ""..tar. .I.tt.er .. pwiod.
of our1tlc. tJ>1a ""rtu-eoT...-.:l .ab .... _ v1U1 .. d1a.ond eo drUl
and ...-oIl. l.nd.1Y1<11la1 apoooa... __a obt.a1nod. TIl. 1n1U&l oulU
...... "<trY ...........ac1n& and the prcc-...o t .... JlNpU1nc u.. ope.1M""
...... tor t.0"1.1n( u..... turth... ckfel.oJ*'! and ulu-.Wl,r 11M tOT aU
.....tar-qvepu. bold .~"IIth teol.ol in 'Jib , ......t1c.Uon.
Prtp!r!UoQ 9( lIwW·1!gek Sllb" lIoolc oltbe ...... "'" with ..
cone...u. ""llI"J' ....~ pi_I of rock ., .. to .4<''' toM deo1i"lOd
b«ld1"l p4M. of the rock. n.. d1ac1rio.... of u.. alab. YlrllOd bIlt ..
4..1nbl. 11M ... tOWld to btl ro<>Pl:7 1 • ~ :< 8 lllc'h.... TIlh al.ab
.... th., '"""'" on .... 16 1neJl d.l.aet.r CU•• pl.Iu. tun>l.rc at 1110 ",F•••
J. .......10:1.011 of abru:l... ",it. 11_ bec1rln1zlc With '100 alu.lnua
o>:1de and va\«,. tllh P'11 u__ill u.. roe" ohb .... uD11'o...
nth ol.l ....-1<1 or "tA...l~U........-.:1. To p-oduce t1.lI~
fI'OWld ta...... wIl1cb to the .,.. appe.a:r to hay. boo... polllht<l. the
Ulb_ re IUb_...U1 finl._ nUl 12lIo. 1400. I&lo and 11200
".br..:1. .. p'11.1 in th.lt 0.-.1.... IUlCI III V1tll vat.'. Depond1.nll on tho
""","",to. t.n>e. _al ho\>r. __ l'~ "'I'dred. to finhb •
t1nool,r v- .....rae.. It. r<Ngb"""" .....t • .,. ftl dUired, tho rod:
alAb. an... tNIa_t. nUl 1100 alll>l1Dla ond...... placed. on ••u.Uo".
-.rr cloo.1 plate """,...eeI V1tll f60 II1llcon _1da lIbnlJl... C"11 IJIIl
<try p"<M1Dd. by haDd. onl,y lollll lnoucb to in........,..pbte """.....C••
C......... 1.lIk to~ tblt tho f60 poit <U.<1 ""t bN&k lip \.0 "'lI' 11'..1
_to It replac..:l 11' till~ .-..qo.irM .......... tlwl n ••
or ten_ oluUO.... Ku:1JI>Joo~.. II1tJ1 tN.t "1*'11'10 tiM of
vit ... th_ d.1I1Nd n.lUlt.
Inl.t1olls. t.I>rM <i11'r......t .....r•.,. nA1ol1•• _ 160. flOO. &ncI
11200 ab1"..:1. vi"" cona1_. _ ... , tJI.. Irl..-. of
#60 mol flroo d>o tor u.. bu1.I< of tho 1zn'NUlI;.t1oDo
'lb. JT'>U'Id M1rl ~ ol od lIitll J>1&;h ~'JU1'1 ....tu and
tIl,n n .... 10<1 W>.W tlle)' n to boo t. I'!'1.or to ...t.1ng 11' an:r
oonu.1.naUon of tho ! ••• va. I>ooU to han -., pc>ulbh, till
.....r rta__1Il u.ul nth _n tetnclllor1<ll. na
mbo tllen ~..._ in ...tu to 1.1> turlt.::l oond1tl."....
AdJII.awble _ ... 1I01,h IIrf.ppod. 1n UWI \.0 of pl~1........_
to ",""R t.be who,~ I. Conl.olo1nlt1on of aIlJ' r ••• vlth oil
or oUler aatM1.l.ll .......1<1. noW..". 'Ill_ .abo _ "..t 1n •
aoturat«l .....h~ oondit1Dn obt.a1no<! by 4r71:JI t.be .....t.e.lIltll
....t t.owool jo,llt Nro... pl.&c1Jlc tile ,,_1 ...rtM ""... tile slab.
n.. IIOrtlor placed. On tho ""clc lIlAb or1&1MllJ' bad tluI .....
F'Op>rUo.u .. that .. _ in lob. rotk--.ortar p'1.__ pNO'1(ll1lolT • .,UoI*I,
Var1.UO"" 1n til. ntflr-e....t nuo nn tn.... 01> u,. l>f."b of
"ob......<od ........bUl.ty ant pe<"f~••• .,rt.ar ll1Jl nUl ~
o_t nUo of 0.60 _ • ~c_t ratio ot 2.,. Ml... t.d
tor all fUrth.r taI1.a 1MJ.ud1llI all _t.a>". "'l'OrWd "" Ud. 1:n'• .u-
l'UD"" •~ lrado<i Ottawa rand _ f7pe I porUanl o_t
,,_ u-'. D.taU. of tIM....terU.l..... cl"" in til. ""lion or
Mater1al••
~. Th t alab....... ct"... th, d..e:1nd ourlnc and then cored
&ppr<lx1al~ <l&J'. prior tel t.at1n(. '!I>i. _'It th.o.t ..,.1 of
the cort:It; vu clo at an q. of da7a. tll ""t
...... <!&J'. ohNd of UIe t...unc "to tel ••-.t. .czu.1~om. ant
1Abol' ..heoM.1.nc.
A 41...rw:t eor, drill.~ 2, \3/16 lnc.b 0,0., eapabb of hold-
.tnc. two 1.r>oII _1JIen..... u_ in conJunoUon II1th • _u...: and
tluoll1nc l.1quJ.d to obta1n UIe f1nal _1JIen rr.. UIe 'Ci"'Cu.....ar
I1.&b. '!'h. drill -..tod 1n • drill pAn _ -u...: l.1quJ.d "n
ouppllecl to u.. W b7 .1tMr • 1>0.. oo""".tecl to ....~ tap or h,
......1:rNlati:l& plIIIP. ~. J. '1M utter not "oed~ tor
....,l.r<:\ll&ti:I& • vater .,lubl. ""lUre oll .nd. I.e.. .utur. to.101 tn
eor1rc the ... ., hard ,"",",to,. St-. d1ttiCll.1q- ......rl.""....
vith the ""tUnc eU ""en ""tU>lt; ..rt.:-. The ll'OWld <:.""t pa.t.
'ppeued to caOM til. oU ~a1on to brMlc &nd d...elop l.nto • tll1ck
_ ..tc1.aJ.. tile probl_ d1d not «<l.n "".. cutUnc the haN
qr;repte. it ..... .".,,,,,,,ter'ec1 onlJ" vHb the ....tar. • trl&l 1I1U1 •
" .. t o_t pIllJW pr• ..,t.:!. ....ell d1tfiClllU.. Il>at 1t ..... "C"8U1
to <Ii_nu"". u.. .... or eutt.1Jlc oll nUl that ",,"rial.
"u •• t_ that the bert .._ or oort:Ic the .uti.... b7
n:rat _ue u.. -... ..- u.... P"""C tlu'aqIo u.. _\at'. P1&Vn ••
'llI• .all 414 lfl.tll .. 1Jl1JI Jl1- ot _ to 1'I'......t d.'J!nc
u.. l!r1ll the _1.&1 pu. ""'AI. tIM &1Ib.
Att4r u.. ....t rr- _ aUto•• tlMI:r .... l--u;r
llltt. 11> -..~ POI':lUoa 1J> the &1Ib. ~ o.14ood 1Jl Mloet.l.llc
thoo .... -.. .- 1.ll .. 100~t_V"-' 10 , ....Ld. u..
~ aU~ ..... placed. 11> .......... tad 11M _I.e -.aUoa
a1a1lAr 1.0 that ueod on tha pd". til. _ ...... d1T.. t IIbear
~.t and the U\lrd va... tordon te.t.
1M e...W ...... te.\.o ..... p«to..-.d. nUl \No lIIJ'ept.e po..-t.1on
of t.IMo 1IpK1aen1 bel.cI In .. n... arnrc_nt _ tbo JOO1"tar portion
ot u.. cora lM<Md 1:17 ..~ h-_. .I. ....tov.plI and "tailed.
".V1nC ot till 1n-r1tal an obo-. 1:1 P'1cI>na , ancI 7 r.spooct.1~.
_ oU.al III OIl 1:b. load to boo"'~ rn- u.. <I1al M'll:
or 1xIlota " 10" UII!lw. ,.. MOo. J. .......DOb1.7..mr_ te or
looo41Joc •• oI>w.1Nod to)' Urftl.nI: UNo bald1A b7 _ ... to un ..
<:I>&IlP l.ll til. _ <ti..ol ......u...: or 10 " 10.... 1aclo.. I*'" d
•
"PoaUl.on ot U.s boneS plane lilt/> ..._1 to :un. ot application
or til. load .... ot "taoot 1JIpor_ 11\ wltt1ll&. eo.. " .. l.&I<en to
MY. til. pJ.&ne or interlace between ttle ""rta:t and U.s .","",Eat. ....,.
1Iltl> the top ot u.. >'1... It u.. 1ntert..,....... ..,t s"",cll.T~
d1<>JJ.u to u.. u1a of tM coni. U.e loveat point of tM pl.........
poo::l.tloned .., .. to be rac1rlil til. load tlna~ tbat at tI>Io polnt
or .....,. tenl1le .tnn the verU.u <11..-. to the Uno ot appU"'"
Uon ot tho load ......wI al....,.a be ""Mtant. .... IIhovn 1:1 tile deta1led
4rav1r« ot n...,.._ 1 tII.1a cI1at.lnca O.,52:J 1noll. TM apparatus
d.at&1hd in !"l.sur- 1 wo<il:1tll w"u. h it lI<IU1<I han _ d..1rable
to havs the center or crarltJ' ot tile load1nc rr- ah06d C"rlnJ,in
the 4iree1.1<>n of load.) cr the u:1at1lls poll1ti"n tor it lM>ded to Up
u: l.1&bt do>rnv&r<I p'USlIN __a not kept on til. to.......:! enr:I.
As ""'" be ""t«t bJ' the_.~ hole 111 the ....lllnc t'N.H
\lhich w_ u_ to load U.s _101." an aU_pt .... IUd. to crtp
tile uppu portion or the C11lJ>der and than tall tlIe _1aen in
nearl:r cI1r..,t lIhHr. 4A*"ent.lJ' the ...............tl'1clMtlJ' unt.Na
to t'rlqllenU:r .au.. the ~doJ-nt of oonsid.,.&ble ben41n& otJo......
lib.... u.. uw-' and til. 1.owc' porU.otl& of tile oora....... lnd_nd""u"
p1.ppec!. llanr r..u.ur.. o<:eurr.l. IIltb ,.., applled load and IUZ\I' ...
nth • low load. _. aWU""tl,y gr1ppo<1 vitllol>t bend1nc .tn .
d....loped • eons1d....ab1. 10001 WON b!"Uk1:>c. '!be 1<1... ot t.at1nl;
in dl...ct oil.... "1l8 _ndol>ed due to the d1ltieult:r.
Con.1derabl.. e~Uon ..... 40,.. 'II1th .. toralon w.t tor
u.. IOOrtar-aavego.te <lOrn. 1M cora....... eut nUl endl pe;lpend1euJ.a.r



































































































































































































































































































































































































































































































































































"in the \':I... wlIU...til.... _ ....11 &I><rf, the t.>p of the '11.... A
d.1...n-ant.oop "r Ud, teat if 1tll 1nd>U1~ to pronde ...al"o tor
ClOre. ude ent.Uti,T of OIOrtar.
auregate «>:ru lm>l<, to ..... b • "" that the ~te balld
VII. not _ .....ecl. l)pel or IlOrtar-aur6g&t.. co taU.......... -'-"
in f1p.re 10.
In UI, eantll""... t.at tbe tn>- of ~U. and. the ourf,..,
f1n1a11 ~ an l.nt1"""". cn the proportion of bcD:!, p&:rti.al bend. and
non..bond tall~.. In "",.t 1nat.:>eu only U.I bond lath.... ""....
ocns1d....ed U .. nUd ....~t. '!he quarttlt. aur-gatlla amibi"" ..
tendency to fAll 101\.01 .. mall portion of lOO"tar adhered to tile leadJ.",
edge or tile ~0<.1< core. OJ" t.o the d1.tI'1<:1l1ty of prepuUli: tJl. quartll.l.l.e
cores And. '11th til, pre:1<a1nAn<:. or thia t.n- of fall th... ruultt
II..... connd...... valld. It eITOneoul, they ...... 1 than the true
....mJ.t \lOIlld have ~.
The tonton t.eats produced three ~. of bond taU....... 'nil
cl6atl bord fall...... "" W'I.lswoJ.. The CO"" and parti.u COM fallur..
Mown 1n f'1iur1 10 ....... tJl, _no '!he latter two type. 1nd1""t.e
that un:l... tornon the ..xl all"" "tru. wu l.n:lMd alone tb,
pena.tei" at the bond plane 1n lJIe aort&r-aur-.:at<o """e.
Etftrs:t of prrtm the Cprn. krl,J" in U>e Upe>'l.JoenW d...al~t
of the teat. .. nua1>er ot corea verI &11' dried tor a per1o<l of appr'<l:d.-
... toly $lJ< _.. At the end of WI Ulae the eor.......... toIat«l atw:l
till ...:lU1tant bond Ib"_tbl were ob<n!t 0,-th1Td ot the 14 dII3
sb"mctbS ot>U1.ned IT'<II I v_uor group ot *PI"~'" that !lad llOt
"been II.1.lo...cl t.o dr7. 'fhh .-.d\ietion 11\ bond .tNlntth .... .ud.l.P'" to
that "b.........,. b1 .nothu l.meatll.tor (~). Alt.lloo>&h the oppoatu or
whit oeeur. to the "'>'"1"""0810' Irtr'W'I&:th ot con....u II!Iltll 1. <iMN.
the "..-.on tor the lou ,.08 rud1lJ' 'J>ll'U*It trooo til. broken ,nd, or
the 00...... J. 1'OUCh1$ ol.roul.ar t.ovant the c.nt.er of u.. 00"' hod.
• dhtinotlJ" dUe....nt. .ppear u.an the outoor porUon or the ........
nu...... t .... or ill clr7 00 and it vu """.!.ud..:l tllat ..,rl.&l' Mr11*-
'c' 4d ....u..d the lou in .tr_tb and. had. 1.ndwd eauMd bond. taU,,",
UO<Uld thoo O\ltcr porUon ot the 00... prtor to w,t.1Jl&. 'lll. rwU.,
...... over >Ih1oh bond. rillur. due ttl IIhr1nkag. had o<:.".....ed v.. Jl"ObabJ.;t
• '61l1"'" or the ...rt&r..qc:r-t.t. bond. bot 1t 'A, not w1"nol.ntl1
quanUtlUn to purllll.... _..,... ot bond .tnIIgth. All tlu"thP'
tAt.f.. ot ,.,..t.ar..qgr'I.t-e bond. .~th ....... do.. 1.n ...turat.o<\ oon-
dition 1.... the apec1Joen........... tur.t.:l ""ill ~l.t.l,y prlor to
t<t.Ung.
~lloant.aUonv:l.th "arlO'1S _thode or~ • ...at.hel1
IVI' nual>w (wenty or ...... ) ot ..rtar U"'&U. te.t ~J.-.n••
and ot te.t1lIg the..~ to obl.o1n of .....ta.....ur.C.te
bond 'U"ncth, ...N1t.o<1 1n thIo _l""Uon or onto ..UIod tor u.. r ..
• 1Ilde.. or the l.muUl*Uon. 'lhl. _thod "". the P"P'J".Uon of
...rtllr-au C.lAo corn wtllcll ...... kept ..,1st at all u... IUltll te.ted
in • eantU r lo.cUng.
"171. 1n'o'uUpttoo cotllt1.t..od of WO .-po.uu. pba..... The !'1r.t
pba.. d.ut Vltb _ .....-.nUl of the bond b._ portland o_t
.... tar and Co&rH -..:cnopt... n.-..eond phf. •• or the 1 I.1I.l.1on
dealt nth con......te aad. nUl of tJI. acgrept,u who tar•
•1VftC.to~ .t.r.ntth had d.~O<! in the nut part. In
this lMuUcaUon. bond 1•. d.t1ned .. the .ttecUv. _ of both
1IKb&n1ca1 and chlOl1ul boncl1nc ...........ec1 b7 tJI. <:Mill...... 1.oad1nc
ot ..rUr~.t. bond te.t epK1aon••
In th. tud. pb.o.., 1tJ..,r..... po..tlllo. th, oniT ....1abl.. v.,..
tbo.. or the aggreg't.. U-Hl..... 'lll. nr1abl.. tnclu.dtod the trpe
of rock (eheode~ and a1J>erolopcal eo-porlUon). ",":'&•• t1nhb.
p'Un 011', llthic Pt'OpoorUu. and pllJ'rtul properUn ouch .. -:><\IUo.
of al..UcHr. 8pR1.tl.c p'arlt,'. ab"''l'Uon and pUUele ....1"'.
Th. aur-«.Us 0_ v..... l.n ~ tho.. or acceptable qUfollt.7
tor concr.to. and the bulk of th_ 11M.to".. and oSolollll.te. lTc.
th. state of 1ndJ.&na. So-e other ..ten.ab vera ,,11«1 1.D order too
obU,llI • spr_ in tlI<I bond .tr.ngth and 1n order to obU.1n control
..... __ ot the .....1abl...
'ft1. u.st sr:--c~, tor Ncb .w.gate v.... prepared t!"OOl • s1ng1o
pi.c. of rock. 'lb1. l"Ook v.. cut tnt<> olab. and IJ>. al&bl ct".,. til.
de81r..........tac. tr..taent. One aide ot u.. !'1n1111-.:l olab v.. covered
nth por1.l.and c_nt ..,rtaJ' o.ncI illowcI to cure. 'rile Uld1T1duU
te.t "P""lMn...........t tr.. the ""..u.r oo ed eleb with .oor.
c1rW. til "P""a......... then t. .W<I 1n W ...... load1ng.
In ord to alm_h. t.lle varu.blee 1n the ..cond pII." .t th.
1m..Uption. lI1l.loh deelt. with c~te 11&<1. with .... ot the IoiP'''
C.te. vbo•• ""rUr.... u:: c.te bond .tr~"lI:th had been d.ter-1.necl In
th. f1I'at pert. _11 <:oar.. ~.te .... 11.-:1 with th. porUl.nd
_nt OIOrl.ar to ...... th. concrete. til. cov.. 1oiP'''S.te .... Hl""W<I
.t the qII&n'y to &1n1.Id... vU'1.aUon. _'" ..arlou. pi""" or &I\Y
li.... Ioiv"S.te. tho> _lIIl1ni .... do"" In tho> lAI>c>rato". and th.
crushed rod< ".. rounded In ordar to obtain. ""... uniro... ~.c.
rlnish and ahape _'" th. dUr t aurtC.te••
It .... d..treble to ban typa or ·qgrc.te' with •••".
10" ....ter bond .tnllllth, ""1"" collld be ".ed In • oo......te. to
obta1Jl a cooopl.te rane. 1lI OIOrUr-aurecat. bond .tr.rIith.. 1"0 typal
ot plaatlc. s:<>1)'.W.n. and ple:dcla. "ere I"Nd1l3' ...ilibl. tor
.xper1aentatlon. It ..... not ponlbl. to eo... th.se pla.tie.: howev .
..,rUr t agUll.t t1nl.shed IllU't.e.. or th.....terl.&1 and It .
tound. that tl&ll.T no bond .... d...eloped on sh..t. ot plu:lgl .
vh1.l• ..,.. d...eloped on th. po1)'.~.. Pl~ th to...
..1""W<I ••• oonc... te 'agp"'g&t.o~, no. 1.nd1v1dual pi"" obtal...
ed b7 euttirli lip pIa.tie rod.,
01.......rbl•• prOTided ....tortal v1th • bond .tr..,.;thll1dWa,:r
bet""'n the ••". low .tnneth obt&1zled v1th pl.:dJ::la. and the relaliv...
1)' h1&h .tr8rlith. or th. Ol1neral ."'""i.tu.
tile _ JICIrter ...... 1I:sed In the coner.te .. bad been 11_ 1n
the bond te.t.. A. :well ot o.......lu "ll1!'''S.te AI poI:d.bl. "'as \fOrked.
into thoo eone:ret.. 1OP""t-n ",,!d.. nu..... to .Ua1nat.. ngr'E;.Uon
and to in.............. ""natant ""rUr-aw'~'t..r.Uo.
r..u "'" on th. ooncret. in.l",:hod botll nbW"al &nd ind1r"'t
t.naU. t ..u or baaa.s. G<:cpr..lI1on te.t. ve~ "'" on oono:ret.. cyllnd....
in whicl> part of th. te.to inoludOld. _ .......nto or tIla o.=an•• of
......Idna; 1.IIp.I.lM. beU.vOld. to b. e'l1M<\ b:r IIkrooracklnl of u.. """,,:ret...
'!'b.. _11 nbr.tol'7 1.oIplhu e ted. b:r th. ode.....,....ck. vere
datected. 1»' utlll.l1n& an arrang t V1th • pbol"lO)lraph urtrldge.
Tb.e .....trioal 1Joj:oIl.. r",elved !'rool till outridl;e .... -..pUtted &nd
,.l...ed br maan. or an ooeUlo"""",. 1\1.. 1=pulM' "ere oounted V1t1l ~
hlch~ """",tar ......~.... 1'htI :reoul.te of the U-pilM count. g.v.
""'" In.lght loto tho ..rr",t of bond. .tnon&th on odero......cldng in •
<>oncr.te aubjected to cOOlp:l'.ul,.. 1.0&<1••
",.....tUTal ",",,"catoo. u,"", 10 tho tmuuculon cho,.." eo
as to represent a Wid. rapc' or properties. but 1o/lth , rly all ~lnc
.ccopt.lblo ',v-ptoo tor conc...t.o. TIl. plocu ot ro<:k f'Ull;f
Ml.ctod h'OIO abot pU...t the ...r1ou. qua....l... ca taken to
dlut-.U.r rock bad bHn obta1.l\ed. .nd eruallod tor ""ncrotoo. A patro-
Craphlc thin """Uon _s IUd. or til. roclc in qIlutlon in or<ler to d"tar.
Ill .... 11' it ""r. slpdncantlJ dilt.....t. TIl••_ ...Uon _ no
dilt......cU in tb" rocks.
TIl. properUes ot th& .g~.t.s uH<! .... U.tod in Tabl.1 &ncI 2.
AlV".t. ProperU... '!tI" nuab<u. ".... asaicnllld to t.hO' ""nOlI••~
,.ta. tor tho pu'pO" ot ld...t1t1.eatlo" in th1. ltrf'utl,.Uon.
TIl...... or tho I"O<:k ld&nt1t1.u tho coo1o;l;1c r"""'t.L:>n rro. vbleh
it .... obtal.n6d. and til" C&ne1"O.l rock type. Cona1der.blo .....hUon in
tho rock occ.... s vtthln UJI7 or til. ro.... t.L:>IUl. thu......ral q;croc.ta.
v1t11 diU....nt pro.....U .....,. ..... h'otI til. _ to....Uon.
TIl. properties or tho q,ree.t... ,1..", in Tabl.. \ .nd 2. lnclud.
petroerophlc az>IIl.,ys1s, ch-.1cal .ona1yais. _ p/lJ'lI1cal JlI'OP"""U...
TIl. p/lJ's1esl properU.s includ. tho lOOdul.us ot .1uUdty d.tc.1n1lld



































"COIOpl"unon, (_ u.. .lpp«d1;< tor • d.u..u.cl dncript1oa). otlla'
plI.rncal ,,",pwU". 81*'1£1<: p-ant7. ab"""l'Uon and parUcb oh&pe
v_ d.t.nI1Jl.... on the aggr",.t.ea &tter ther had~ CNah <'O\1l>dod
WId Np&Nte4 1Jltc • one-811.u traction paas1nl: • 0"'" 1lIcb 1'1 U>:l
..etUned on a ~!OW'tll. lnch s:1.......
Sfter&l qgnlC.tea .......ant spec1al .......1. 1ll addition to tll.u
pt'O!'C'Uea llated in Tabl" 1. .l«CJ'",.te lb. 6, 1.1.l.<>n Creltl< .so~h.
h UC'rO-POr<nl' and.~•• wlI&t baa been eall.cl ....r ",ck. It
_t8 the nor.al a"ceptan.. teste tor a hip qual1t1 "".""'too _"ncate.
4ir",.te 110. 111, 0....... dol.o-1te. h &1", Mlcro-pol'Cl\l& but with an
...." h.4h.... ab*"'Ption value. It don nt)t _I. u... "".....1 acea(>tanoa
tnU tor. h1gh qualny <:>on<'rete aar",ate. In...-parin,g th. t>ItI
aclNp.tea, Ko. 6 _ 110. 14. the to.-r ..,re W'I1fol'lll,J pCll'<I\\l than
tile att.... """....... porou& portions oided ""en bond t.et. "a....
.....
nu-ee ot the aggregates, lb. 9 and No. 10, both 9t. lllltllll'f'1....
u..ston<o, an:! 110. 1), 1I&n'od:lburil U-lJto.... had n.ou.r p",pertin
UlCept tor tJla1r &rUn lin &lid tonU 01.... n.. !ossll nUl aeeaecl
to b<I in pl"OJ'Ortlon to the B:l.n ot the c..,..W ua1Jla. n.... thT...
&iD'etlatea vue uNCI to l.m'nUcate the e.tt.. t or gnin aha.
Iobeo UNo pi"''' or "IINt_te ....... be1JlI lOO1..,t..d l'Y<.- Ole allot
pU••• an att.pl. .... -.1....,.. __ to ..u.<:t OM or .., ... p1.""s which
oould rPdllJ' be ""t up 1.nto e1f,b, tor th, ..rUr~bond t.est.. Th, pr~
p'rlt10J> ot th... alah V1ll be 11..... 1.0 d,t.o1.l WlCIer th, pl"O'C:edure tor
th, bond t..t.
Aur'ept<o fdeO... IIh.1ch """' not "'_ 1Jl ~ borwl. tnt ...... broken
Wt1aUT lIHI> • lI1edge ~r WlW th.,. ....,.].d fit a r.,......1neh Ja..
cnall.... .l.tt.a1" erush1Zlc. th. rocl< ..... "....tood. on a th.--rO\1rth.
l.nclI dan. That ...ta1ned ...... read;r to b. l'O\l!>IIed.
!loIu>d1.rc or the aures;.t<o .... do.. to 1I1:dJol... the d1tr ". lJl
b<>th ~t,' ...... plrticl. abape _ne the aeer.te.. 1hl. as done
br placing tJIe rock lJl • Loa qll1ea .br.non uchiDa alene nth _
<lOar.. abr..l ... po:1t and enou&b ...tar to """ar th••U:l'eg.te. 'ttl. lid
to th. Lo. ~e. uch1rle was sealedll1th • p1.I.Ue no....b&rd~ g....t
COIlpOWld to preunt l.-J<q:.. 'ttIe ...hine opa...tad lorl( enolllh to
1>1'" • l"<>Un01ecI aweg.te wit.boo>t e""un rec!ll.Uon 1n the aggreg.te
aha. 'ttIe t1ae ...qIl1red ymed with tha acgreg.t•• and the ...,.",t or
.br..t .... but ranged !'!'oa three to tan l\oIu"a.
'ttIe l'OWIded agpo.pte and the .luny "er. r-.owed tYOIO the Lo.
Angelea ..chine with • larg. y......... el........ th\1. Il11A1naUnc u"", or
th. clean up d1tficulUea with eqIl1paent _ r.eiliUu. 'Dle .ureg.t<o
........aIled. dried. and .g.1:I a1...ed lJO that 0111:7 rounded .reI ...abed
.ur.g.te paning the one tnch a1av••nd r.U1ned on the tnree.r"""'tha
in.I> a1........ ueed 1:1 the P"P&r.Uen or oo...:...te.
'!h. sand "'_ 1:1 1111 or the aortar 1no1l1<l1ni that ln the eoner.te
.... nat.l1ra.l sUtca _ rr- OttDa. Illinol•• letleral.1,y ... rerred to
.. graded Ottall, a&Ild. It .onte........ II1th the raqu1r_ta or .I.S1l'I
llerlgnaUon, C 109. Ccaprua:1..a Str«llth or I!1dr&IlU. C_t Ilortar••
J. t1P- I portlAnd " • ."t, ""r>t~ to 1.S1II Dedgn&t1on, C 150-64,
SW>i!af'd. Spoe1tteat.1olUl tor !'oTtlA»t;I Cl!"."t, I.tld aU tToa th. ~.
01.1:*... ~tdl v." used tbrov,ghout th. 1rr<eatl..:at.1on. :Ill. labontory
dU1r;n&t1on ot this _t Ilo. )16. 'DIe ~cal NICI cI:lMico.1
pn>perU•• ot the c_nt Ji.... in nbl. ).
J. con.,...te -.., 1I1th th" _t, ""nne ....ter_,,-..t r.Uo
ot 0.60 and a " t. t..,tor ot ~ I/b aaek. pet' ""b1c rard. Ttl....rag.
1. 14, an:! za da,y C<IDJ>""aa1... nr_th. v_ .. toU"".,
1 dar eoapre$ld... • trength _,n
14 iSa,y e<epTullin .tr_th 4620 pili
28 cla,y """pr".IIi... •tnnlth
"" ,n
""'"
IIortl.r ot th. _ proporUons wu used~t th. \.JlY..UpUon,
Th....ter_c t. nu.o tor th rt..tr .... 0.60 IJId the ""Uo ot th.
gradod Otta _ to _t 2.50. Vb"""...r t ...IliM., the 111>; ....
ot a iii" tbat the ...t..,. content equalled the upte1t,' ot • IIta.r<lard
calibrated nuk. Th. graded OU..... sand ........111''''' to tha ........t gry.
""'""
I'Il1'3lCll AllD Cll2XlClL PflOPS:l\1DS 01" CM!lT Jl6
Ptlulgl froWU"
nn.meu, No. 325 si..."
Speel.t'1e Sw-hce, Ill.o.lnoo
In1t1&l Ht
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• q I' •• (! n "< :• J~ •.I' ,r H !
•
"IIMclI 11*<I tv<> tlI1rty Il1nuh per1odl. v.. ....rnclent tor U1. I'"1n41I\l
proolU. :n.. hard quartz1tu rec;tl1red ..,ch longer per1.o>oU or ¢nd1riC.
COndd....bl. ur taken to l.n....-. that tho gLan plIote and tho
ael"S"\.e wb. """'" U clll&Nlld before I fi..... Ibno::l.•• grit v..
.....
1hoH slab. p .... roud> tl.nlsb II..... firrt t1n1lhtd nth til.
No. 100 .bru.l... p1.t, tlIen dried. and t1n&ll,y CUI1oh-.:l on I st.t.U.,.,• ..,.
11105 plate >11th d1"J' 110. 60 aUlcon ••rtl1d. abrut,.. crtt. Cu. V;\.
takon to 1...".. th.t tho grtt d1d ....t b~ up ucus1vely Ind it ......
replaco<l .. necuNJ')'. \fhen d6alJ.n& nth tho q....rtllte•• I largo slab
or qllaTtdte .......b~ltuted tot' tbo J1u, plate. ow~ to tho quarUlte
l>nn( 110 ...h hard..- than th. &lan.
ill lla.bo ""re thoroughlJ' n1,lohed >11th .. bi&h pr............t ... opny
.o.tter belng 1'1n1l1hed. In tJI. c.... of tho ....1 l'1n1ohlnc it "" 1Joportallt
to do WI beto... tlle """ta.... drted.
n.1 tUliall-.:l """,faen we... prot.e<:t«I t'rCII """.tch.. v1tb pape:r and
then ltored ""tU tilly ...... to be "oed. Betoro usl.1lc. til. Slrtun ""n
..ash'" 1I1t11 .....bc>n tootrachlor1d.. >Ill......... th.... "as Ill)' p"0nb1l1ty or
tlInr hlovi"" _ eon~W nth ell in h&nd.Unc or b,. otlulr -..••
ill lllahf veri *>*lcod 1n ....ter pr10r to ","u.nc to 1n...... I ....tur.ted
condlt1cn.
:!lie JIOrtar va. a1nd in U chanieal ..uar \11th one-t>Ut
lO1rI.lte of dr1 -.l.ld.nf; Ind two and b&lt lO1rolte. ot ... t aild:lg. A
...t.r ....... t uti<> of 0.60 and a _ e_nt ratio of 2.50 "u uNd.
n.. _ and e_t ....n igbood. out on a "500 cr_ ""pf.citT tonlon
balAnc•• and th....teI' _........:l "ol_t:rlc&11,y. 1eneJ'illJ' ln a
""l1br-at-.1 n.aolc. n.. u~ IdJ; vaa .. follaw..
Cement. f)pe I. Laborato,..,. Oulgnat.1on 110. )16 8JJ ....
Graded Ott.e... So.ni1 2.0)2 p.
'~atel' 500 cc.
'?he -.olda used fo~ ""aUnl th. OlOrte~ on Ul. egi!'egat. alaba v....
Md. of \rOOd ....apped ln pleaUc. ~. 1. n.. clean but S.ltul'ated
*tll"egate aleb VlU pleoed ln th • ..,ld v1th th. f1lI1ehed ald. up. A
clNII ....let tovel .... placed "...~ the rock to in tAat It vould not
dry. 'ill. to..&1 "". ruoved alo"ll v1tl1 ~ h'e te~ on the sl.b
l-ed1eteq before th. -.o~Ur "as pourod onto it. the OlOrtel' ....
""ned v1th a lUi' putty knlt. to l.n...... e<>mplete e<>nt.l.ct nth til.
el.eb 5W'fec. and to von: out ~ bobbles. A one 1.nch depth of OlO~t.er
ove~ the '"iiJ"i.te alab .... req>.Ured. In ord... to he". till. it ....
""""sl.onol1J' neeueary to UN til<> wtclle. of OlO~Ur. '''ben eutflcient
....rtar .... l.n place. th. tu.... vas rtbnted I'J' hand. to lfOrl< out .ntrapped
e1r bIlbble.. Th1 1IIportant in pr.vent1Jlg boIbbl•• l'\"oII l>eini next
to lb. aw-g,te f.c.. TIl. top ot UI.....rt&1' .... then l..,&1ed 'M
allOlIed to _to th. OlOld .... COY..-.:! nUl • &heet of pl..Ue ""icb l.n
tul'n va. eovllred nUl ".t cloth•• til. out ....rUr-a~ate slab "..
r""""ed rrc. the ..,ld in .bout tv.nty.fOW' hour. and pleced in • fOi
...... for ew-lni.
,.
FIGURE l. MOLD AND FINISHED ROCK SLAB
PRIOR TO CASTING













































































































































































































































































































































































































































































































































































FIGURE 3. CORI,... EQUIPMENT WlTM
RECIRCULATING PUMP FOR COOLING LIQUIO
FIGl.ftE 4. A PARTIALLT COREO SLA8
lb. n... It lb. intert.c. II.. not U*tU,. parill.l to lb...laa. the
lUllelt p<>rUun "" turned "" u to \>e ""....It to the lu..:!. to tha
read..... right II ha lc>okllt nl"n 6. and ....n It1th the top ot the 1'1.a.
",., load 11&1 .ppl.l.ed through lba dcA>bl. pro1'1nR: rtne. A conal.tent
r.te ot t.o.d1ne .... obta1.rled b)' turnlnc lb. blndl.... thot the AlMa
d.1al aIIolled. thine' in ree4tne; ot 10 " 10...4 in.h per letond. 1M. 1.
equ.l.val""t to three pound. per ....nd tor loadl ....orded 1n tha 1""03011'"
Uon.
Th. dl.ol read1nl It t.Uure "" recordad to the no.....t ~ " 10...4
lntha>: lIlIovn On the .10M. d.1al tor each .0..... alDni V1th I",. perunent
Wo.....Uon on the tJl>e ot h.Uur.. No....bond toll....... :ouoh II t.llura>:
through tha ....01< or ..rtar. " .... not u.ed 1n tile .na1,.sla ot tho data.
coettl.1ant ot vor1ln.a. ". II..... d.terwined tor the data obsened on
n.. proce<tur.. toll<>lled In preporln,g and t.ooeUng the oo......te _a
to d.tenI1.... tile lnnuanoe ot bond strength on tile st.:rangtil ot ""n.....t •
..... d...rlbed In thi....Uon. n.mral.nd lncll..... t te,,,.llo te.t.
var. perto..-d on .onerate _. and """Fualon t.a" Q .... condu.ted
CUUll( ot the Spe.a-n.
FIGURE 5. LOADING APPARATUS FOR
MORTAR-AGGREGATE CORES
FIGURE 6. MORTAR-AGGREGATE CORE






























- . • ",.- -"" ••
trsoUon ...1 tho crlOded otta... _ ..rtar Uled tIll"OUih....t u.. proyt""..
1;J'd.."rlbed phne ot the l.M..t1t;.Uon. 1'lI1 _ NlArah olld in
u....rtar.boDd U"t 1110 Oled 1n thl ..,no... IA telt •• no. aet;ree"U
VII ..looted. to .,....,.... t 1J:lI _ TOole whiob had been "".ted \.n ..rtar_
"urICIIA bOnd. It VII rounded. Wlehed. and ln s "'"","ltId surrlol dr)'
oond1Uon when it Wli pboed v1t11 thl _ IOrt.u' olld 1n till ..rur.
bond taltl.
TIll a1.z 0_ rar u.. 00ll0 1A1 _ I ...t.r o.lnt roUo or 0.60 slid
I and o-.,t rlUo or 2.50 bl' lJbt. T1ItI o_nt, _. O<>l1'H "W"
Cite and vltAr VI"" Il1lted II ror I nol'Ml ..,ncrllA. '!lI1 ..101 VII tl.1lld
ln I nol'Ml _T, IXOopt tl\I.t II _ob ooorH IggregStl II possible
.... wol1ced into till IOld in onllr to pr...ent "'uee.tlon ot 1J:lI 0<>11'"
liireeltl in thl 0.1,,- '!lIh ""o..,,ltated tbl,t it ho rodded I ~rgl
......hor or tiaI •• tho 10twtJ. ts.IJIbIr vary1n& v1th thl """"Cate. TIll
l"IwJ.t.1ni ..,""....te hid DO _ ....c.t1on and lt 1110 h.d 'lo.1te I unito....
¥0111&1 or OOl1'M 'Sgrlgata 1n lOoh spoeLMn. Tlblo e, ree"rdl... ot tho
"urlglte. 1h1 ¥01""," ot Oolr"" "urli"te ln thl ..,,,,,rote vu 01011
to aut,. porclnt ln ill olliS, No alr Illto-Uninc 'glnt vas osed ln
thl """"rote,
'!lI1 ItJ.>I:l.ng ..... done ln s ....U MCIwUOIl o.1""r exupt tor thl
conc,..,te vtIl 1n till o....r'" S",,"i"tl .... TOck cor.. l.rt fToa thl boDd
te.t.. 1'lI J"""'ed thl "her so otten thlt thlY """" lII1lted by ha."W:l.
The sand and C_at Vlrl 0IUed toc"th"r horo.... Iddi"t thl oo;l.r....ill....
pw and the v.lAr. A total t1Jwl ot not leu tIIlll two lII1n',w. or Vlt
o.1sing lias osod On t."e ooncrow.
~.ater1l1. ror "'norotA splouen•• elt11 .... 2 x 2 x 11 1/~ lnoh '<>Iul.
or } x 6 1n<:ll eylindero, "ere 1nd1'01cb>&1l,J" batehed and 1l1ud. The
spect.en$ ...... ellSt b)' rod<li", and workltlJ .. ...,eh eoarM qJ"'Cote
1nto th.. lIS "lIS poosible. Thl • ...,t only prO'Oented M«J"IgeUon ot the
one si.. I01x but deo relOllted 1n 0 rather eonotent "",portion ol.eoane
aggregate \.J'l the I01n... n.. ooerM &llgrepte troa a au that "lIS not
u_ "u ...aIled. dried and .....~ed eo that the aotuel d,..,. weight of
eoar.... aUregate 1n ea.<:II ~eu.n deterw\.ned. I"roa thh the vol....
of eoane .urejlote in ..<:II epeoLmen cal<:ul.ted u.1.ng tll. bulle
~e1l1o Vult)' for the coer.. ouregate.
"......,. of tile oonel'flte oyllndenllad 0 thin booked vlre ..a.t 1nto
tileir side '1>out one \.J'leh !rOIl tile top. TlIh ..... later uaed. \.J'l counUnc
tile enoking up..,). ....
ltter e..tll\&, tile ool>Orete "ea allowed to oet and thom eovered
vlth pleaUe and ..... t olotho. The spec1Aen. were r-.ved h'oa the IIIOld.
\.J'l oboat twenty_tour hours aD:! plaelld ln 0 fog roo. unt1l tiley ".re to
be tested.. Th. test1Dg .... done .t .n oge of tourteen <I.Ioy. 1n tM.
lnve.t1ga tlcn.
::ach ""l>Orete bua .... aarked >11th p&1>01l to 1nd1eate the lceaUons
to be brok.n 1n the lnd1reot ten.ue &:pllttlng te.t. '!he eu.-en.lono ot
the be t Neh of til ed aD:! reeorded.. n.. b...
.... lint broken in n • ."... in aecorda"". >11th J.S'lM Des~f\lUon' C 29}.
n.l<\lJ'al Strength of OCnorete (UI'I.", S1Jop1e Be.. >11th Center_point Lo&ding).
'th. aodulu. of ""pb.1re .... oalellJ.sted hoa the relUlt••
1've lnd1reot ten.u. te.t. ".re perfonted on ••<:11 ot the hahes ot
the beam.. Two ~Yl lnch ,teool rod. "ere u_ to apply tho load to tho
_ ror tJI. tlat. A nu:1bu rOUl pluU. _t l1ghtJ,y I'Ilpport.ld. tho
!rae .nda or tho _ .. 1t vaa loacllCl .t tlIa r.tA ot 1000 pouncl.. par
I1...te. '!hI "tAno:ll.· ,trl" ""I caleulat.ld. 11$l:li the toUov1r,g to.-J..t.,
TenoUe Str.... Sf" 5 (16)
p .. t.>od
b .. '~ldth ot _ u point ot taU,,"
d • llepth ot _ .t point or taUU1"I
n.. conereta .,.11"".... , b.v1n& been cappICI nth ....Ltur ccllpOuncl. •
...u tA.t.Id. 1n «-;>runon .ccord1.rl,g to ASTlt Ou1cnaUon, C)9,
eo.pr••n .... Strencth of KoldlCl Conor.tA C111ndf1.., n.apt ror the ratA
or loadiroc. A ..tA of 8,000 pouncI.. par lO.1... tA v.. 11_ and .....ut.ld. in
a ,troll lner.... ilightJ,y lover than tho II1n1aaJr, of 2C pn p"r 1eC0nd
u..e tor the rlO&<l1"'ll of the 1aIp1lN count.,
that the ....rtar-aggre(at. bond a~tlJ' III' on IO.1croerackln( 1, ....h
that it .ppo.red denral:>le to ba... __ ......... of 1l....1'Ilr1.'IIl I01cro.r'OCIclnc
1n \.lie concreto opeo1Jllen•• It "". anUc1p.at.ld. that til. onNt or ........
>d.croerack1ne I01l/>t ~ an Ind1re<>t _aour. or bond .tre"lltJI.
Tv<> 'O.thOI18 ""... been used to WI.noctJ,y .....our. thl ro","t10n or






















































































































































































































































































































































































































































































































































































































































































































































































oacUloso>ope. In ordu to obta1n • quanUtaUn ............ of th. u.pul....
• e<>IlIIwr .1'1&\1...... .... added ttl th••W"..atu. to re""rd tlMo _ .. of
lapul.n picked. "p. It ..... neen.....,. to .dJu.t tho eOWlte1" prio.. to
...ch luU11S per1od: tbanfon tlMo ~U'f1~ nol al\/~. th......,
.1"(\ th. n.be.. of eow>U ""orded .... nol ""c 11,. on indlcaUon of
th••cUlOl .-.. of ..... ck rtbr.t1on.. Ilo nr. 1t did d.ntl1""l1
Wlc.1.e tho 1tI1t1a.Uon of eroclt1nc and tho laUn r'w of er'ek1ne
U<l"C luU perf...-d .t • C1..... test pwiod.
Proced.\lt'. for Obt&1l'11ng th. loIpulOfl eounU
n.. "'I"1~...t Uaed to obtain tJ>. l.-pulOfl eOWlU f.- the 3 I 6
1",,11 e111nd... cut v1tll • W1Z'O ntendlne fro. tho .1<1., P'1gure 8. 18
11ated below.
Phonocr'plI Pickup. A.taUc, lIodal 1212.
~lf1.r. 1ron..18torhed 2 .~•• P'l"eq"."", nspon... n.t.
50 cpa _ 100 kcp"
O.eUlo_. Takt.rotl1I Inc,. ltodoJ. "'~A '11th lJ"Pe C-A PlIlg_1n,
Ccn1n""r ~u. c...put.r Koa"........ta Co •• Modal 22}8.
The cyllnd.... v cut. cllN<!, o.n:I copped follov1.nl til. procedu...
uoad on othor ""Und and boaoo.. it tho d...1red oC' tluo,. ....r. ploced
In. lIydroll.l.10 t..tl.Jlg uoll1noo. 1lI.toad of 0 lUClIon1cal "",cll1"". to
.l.n1a.1... Y:1b....Uon., n.. cy11ll4eu v_ tll """ted. 1lI occoNonce v1th
uno; o.o1«...Uon, C 7J _ ~T. ee.pr...lve St ncth of Co"" .... "" C11Wers•
• xcept tlIot tba rote of loading ..... 8.000 pound. per Idm"" 1n ol"Cl... to
alloV u.. to rood till e<>IlIIls ot load 1Jltervall of 1000 polllld.,
n.. c\lB\lloUn b1p.ll... COWlt v....oad .nd ...""rded along rtth the
Soae 1n1t1oJ. ap..l .... v.... obu.l.nood under ".ry 10'0 10&<1. &nd v....
bel1...ed U.\.r1butabl. to s4Ju.0_t of th. cyl1nl..- cap. In ill
ocll1n "",tU
reached.
tMrty to _nt,y """",ant ot U.s III t.1Mt.e !Dad lied. b.....
,
!b. eu.IlleU". """"t "..-SOl. the lc>&dln pound...... plott.ed. f1lr;tlJ'.
9 11 an l:tlapll of II\lch <:IU"'I'IS. n.. 1nt1.cUon 10&<1. or t.lIet load It
vldch .. s1P11t1cant 111CJ'8&'" In rat.e ot apol.1S oo"""red. vas dst.eno.1r>e<1
by .xl:encl1nc the two ....ntiAlly .t.l"&1&ht li". J»rUcns or the CIl"es
....til t.lI"7 lnter.... t.ed. 11118 ..... arllltrarll1 teken IS t.lI. 1nt1""Uon



























FIGURE 9. CUM UL ATIVE IrA PL'JSE COUNTS
VERSUS LOAO IN THE COMPRESSION
OF CONCRETE CYLINDERS
"no. ....t.u~.u bon!. t.eaU• ......,t.ed b7 bnalc1.llJ .......
__ l.ll .......t1l.n... 1.ord1llI. pr"Ortde W ......t1oa b7 "Ib1cll _
of u.. futon tb.I.t....,. 1lIt1...,.,. Ute bond 1>00_ ..rtar and
auncate can be.-1l>od. '!h... facton 1nollld. the .u... toI ot,
1. ~ee.t. t<1Pe. 2• .-;rtaea t1n1.... ,. qa ""on t.elt.ed. and
II. 1JT&1JI d-M of the ~.""" s... t.naPl 1I>t.o u.. ~U".
-U ot ~ooJ. and DO t'nlooJ. bolld1llllll:7 be obt.1Dod rna
u.. ...tulLo.
n.e reoull.e ot u.. bond t,..1..0 at 111 dqa ..... ...-n..d 1:1
fibl. Ii. Pbotop-apbe of ..art""" t;nlel or t.uur.. UO IIho>m in
f'1cu:ra 10. 0nlT bconIS.tn>oo till aMd .. ae<:oopUlole "ta-
To &1d 1Ad.~ _taw d1tt 1.1> -..It.o ....... ~eant.
I.h<..- ~t.o~ Dr nrl&aoo (.t.mY) _a. n.... &rIA17Ma
• .,.,.w 0<1 the ..&rUbl.. of .....f .... fillloh and "unc&te t1J" t ....
thr ~ t.d. ,.....p. or aur-cat. ~.. 1tlo IJCV plana, t.ab1••
and NII.1J' I.ll UIe I.ppencl1L
no. -... of _ Ul1f ....... ...-l:J_ b7 u.. .......ru.J..
t",*"'1"'. l.A cmi.. to ~t...u. *1= _ ..... ~""U¥
d1Itarenl..
lUte\. or !h. l1nI! of AsV",at1
ill _ or u.. CI/JY'. -'-td that .. ~t1 t d.1!h.......
1.11 tho ....tu~t.oo _ atre,.t11 ..... ob~ : <tilt...,1.
"''''"
5UIlIWlI OF RESULTS 01 IQl;TAIl-AOOREGJ.n: 0011) TESTS
14~. "Ie" 0.60• •/e" 2.}O
""''''"'
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, JlOrtereonrt.ll.
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• OnIroll -.. ..alue or U>. load to eo.... bon::! ta11un, 1n powld"
-.
'.
c:o.Ctlchnt of YarlolUon tor the OOn. f\lcc...tIIlly U1.t<Id. in perc.nt.
""
liu.oIber ot """".























'woc.t... 1h1. 1& ...at el....l,J ""- In til. aa.-n-Iul. ana!J'...
ot AN:IV'. 2 ant). In JJI(1'f 2. th an to.. acuOC.t. Mo. '0 vaa
a1gn1.t1oantJ¥~ UwI tba t botll aurOC.t.. Mo. 9 ant 110. I).
In AJJ:)V ). tlIa too> aurOC.t. both quartl1ta, but til• .." bon:!
.t:r.ncth ot 0 ...... a1t;n1.tl.untl.r~ UwI tlIa otho.... Both quart-
011.&. h/;d ~ -.. bond .tooancth• ....-pIo..oocI to tlIa c&l'bonat. Ill.......
I.ta., .-.cud,lu. ot tlIa INrt.... t'1n1ab. It 1& t>.ll...oocI that tbJ.. 1&
etu.~ to ""-.leal bond1nc. u a 1.......&1 atat_ant. th.
mal,y... par.1t 0... to ..,. that • <11«",..,.. bIot-.. ..ana ot 10
poo.>n<I. or ...... 1. ncn1.tl.cant tor an • ot 0.05-
tll• ..-ry ot ....."""-&UJ'''iI.t. bond t.at result. In tablo II
""ova that tba bon:! .too_tIl .. 1nd1catad 1>7 th• ..." load, !. YlU'1u
b.t_n SO ard 90 poo.>n<Il tor th. lO1nlIral &ggnII.ta. te.t.ed. tho
art.1t1c1al "aur.tel', 0... ClClIlrpOaad ot ..... t o...,t ant u.. ou....
ot plat. elan, both pro<lll.cad bon:! ltoo_thl lav... Ulan obta1nad.
with tbo odJ>onl aurag.t.o. th. kl.1ld ot aurlltat. _I 1Atluenc.
th. bond ItnnlU..
Uftct pt kta", ¥Ib
1ba 1Atl""",. ot th. INrt.... t'1n1ob 1. not conm.t.nt with
dUt......t carbonat. ""cl<•• !IIJV'. 2 ant } botll _ad that til.
INrt.c. t'1n1ob vu not I a1gn1.t1cant tICto... Na1t1l......1 til.....
ncn1t'1c....t lntar.ct1on batvaan t.be auncat. ant tba IW'tac. t'1n1oh.
tbua tba t'1n1oh bad no ncn1.tl.cant .ttact., .uIlY 1 obovacI I ncn1.tl.CIJ>t
lnt.raoUon batvaan the ~ata ard u.. ......t••• t1n1oh alt!l<>ll&h
ourta•• tl.ll1.l11 1tealJ: _. qa1.n not o:1pdt1.CIJ>t. ttl. liI-....1uaJ.a
mal,yab ot .ulOV 1 _. tile lntarlct10n 0CCIIn'1JlI baoau.. au>"'@:at.1
"II MIl 6 ...... both~ b7 the .....tac. tr..t-.~t. boat 1JI
_dt....,... .IccNIat." _ • P""tw bo.... 1llUl !.be 110. 60 p-lt
tJl.LrlIlUb u.. •• 1200 ent. bolt a&P'"Ctw 6 bad 1... bond 1lltb. ~
... 60 Vit than wtUl u.. 1200 ertt.. no.~ accnca" 1JI _
ant.lJ'd,.o d1.d t _ • .s.pu1.....t cl1lt...-.. 1JI "" _ tor
cl1lt_t 1_~~
!he .....J.w &1~ 1JI Tab1Ao _ ot "'ddl ""t l.Jlc1.lolbd
1JI Uloo~ of~. 1BIl:l. t. u.at _r f1D1ol1 1>1 •
~t het« tor _ itCP"OPt.. ""Wbl.7 tIM ...s.t- "'deb
bat • P'M\« boo>d .... 1'1D1lb.:1llltll. • ..-.... crU tl>&n1l1tb. • ftr'7
nne P'1t. ~ ..,t of Uloo carbomt. ro*. tilt t_ 1'1D1ob
l"""a1l¥ had. UtUe .n...t: beN..... _ ~t.oI SA
J.lI:lV I, ......rr..,w. _ th..,.~ be att.. t.ad -...,. t t..
prtd1at«l. AnIltll... accr-sat<o bold .~th appMrt to 1>0
Ltt... t«l 'oJ .....t."" t1nl.., 1t 1~. lotlllJ\'Ula doloa1t.o1. "'deb IIAd
&II 1ncr In tb-,,.th nth • lb. 1200 p1.t nnilh ....... the 110. 60
crt" alrf 1'1nl1h. It 1>1 """ po..111a to &n"1n at • lJU;e-nt ot
tM dr.oct of 1W'f.... t ...._1 lII10b MNl.d ....1 It.l... .,.,~u.o... "'en
r.... _ l1a1t.ed __ ot acv-cau. in tid. ~.ue.Uo...
It CIIrI be ,Uted _t. for __• ot -eP"",U., til, ~t..,.
tl.ld_ .....1.. Gp1.f1.....t tact.ol' "lid.. _ oolld1u.o... of We
~sU.c&u.o"... tht tNt -=" ...\ IlJ "'"" to ciI"7 prior t.o
t<o~. nut~W dl'71llI~. rr- &1.1..0&. 1\ iI
bel1__t _rae. t1nUh ...,. un"...,. Uloo -..t of bmd t~
_ .. 4rJ'1!I& 1tI:r1I*Itc. _. _ to~ _eal .....b'a1.Ilt."
MA..- or t.II1.I •• u.. ¥1.-..J. ob.....u... of u.o boIocI lJIterlaca of
"brol<.... nr dr1ed JI01't&r~te<>or... A 'I'1nblA r1"C 00\ll.d be
...... al'OWII1 tile per1:uItft or the lJItartaco in >Ih1cb th. bond hid
.".." d..t.rorood by shJ"1,*ap. It 18 propoHd that • rough ourra...
w1.lJ. ott.., ...,r. .....traint teo .w:b sbr1.:i<q:. than " _til ourtaOfl.
It is tor tJl.1a .......... that ql'Utz. lo,.. in.toone., hI.. tJ>. nput.a.
t10n or lov bonr;l ot.-oncUl in """"""I.e. No&r11 all """"...t. llaa been
__ to~ cond1t.10Nl and tJle qu.art. cry.tal taciea 1.<1 aur~at.
&1'& """"'th, thus oUerlnc little -"an1o.1J. r ... t:ra1nt to the ahr1:lI<age
or conerete.
Effect or Me
'!he re.nJ.b or til. bond teate slIo>m in Table ~ ....... obtdned at
en "'1:& or 14 dq.. J. -U... ..- of teate " .... TUn at an age or
28 day.. 'I1Ie r • ...ut...... 11""" in bble 5 alo'lS with CorT..po~
re",lta of 14 d.aJ' tooate. The d1lt.....,... betvMn the 14 ~ o.nd
28 ~ tuts ....... 1.m'ut1l;ated b1 -.. or the "t" too,t u!01rC til.
~th.o1. that two popul.aUon. vitll U>lOIqI1I.l n:-U.r>c" h.l...~
-.ana. Table 6 18 • ...-ry or the "t" te,t "...uta. It Iho.... that
oll.1;f tv<> or the dUt....""•• ..... s1f;n1.f1cant tor all • ot 0.05. For
an .. or O.OIZS orUJ one of the cI1.U....n<lfI. be_ UIe 14 d.aJ' and
28 ~ tut.ll vu a1,gn11'1cant. n.e one ~.te lIh1eb <tid 1........"
in bord .t.nq;th with .~ 110. 6 .. .aero p<>t'OILt ...t<rr1al c<>nta1n1rt&
.-."""". vo1d•• py,. tile ..ute it ..... eoneluded that. betMMn
14 <la1. and ZB dq" qa _. ""t h,o..... an ett..,t on bond at:rencth.
J. sull n.uobfl' or recant re••"u... Ihen 1n th" "'PP"'"'h 1n:11e.te tl:Lt.t
th" bond ..t:r.,.th be_n .,rUr &nd aggrq:&te _. l.i'Ier.... UovlJ'
"T.IJlI.l ~
usut.TS 0' BOJIl msrs
C(JlpAll15O~ 0' 14 Dll "3tIlI1Il1llS" TO 28 nus
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., Lhton Cr_
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• U.""'" Cr_ dolc:.1t.. h "..-r poroua and t.ba No. 1200 U1 t finl.-'led
IIlrrace 111.1 MIl)' rtll1l>la po.....




!limber of 1nd.lvld11.t.l teat.. OOIIprlrilc ...cb ......
"T.lJltI: 6
9»tWlI 0' 't"~ C.DI~ IIltwDl
III DAY .uD 28 Oll ROlli "S1\lIIGTR$"
Apr ...
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n, O.8j ,... ~"(U-_>
IlNtc..,t .. 0••' '.60 ~"
"with u.e. 'lbU 1, balled on .. ..u .-.. or _~. reproMnu.oc:
bIo u..sb>nu ,to ... qe of !ppn>lClQt.lJ' .u _the. 801lCl tut
__ of ..,...t.3r bcn>cl0ld to ..... t e_t put., lli8ll1.. aced .u
""nth" ill not l.J>Or.... appr""abl.;r In bond at.rcli:tJ>. TIl, l.ne........
or bond .t.r....th I>otw-. onl,r u.. _tar and. ....-..:,t. V1t1l U- v..
1Jld1caUn ot cll-.l.caJ. bolld I>e1!IC 4rtelopod "'-_n tho IIOrtar .m
tJla awac.too <lfflr .. ""nltd..-able u.. pv1od.
£fr.-t ot Man'a Or., 9 Sh,
110 aweeat.f ...........ll.lb" 1.1> lIll1ch the onl,r YarlAbJ.a ....a...n
aur-Pw, na tile grw .:he. In orde<' to 1n't'..~te the ,tt..,\ of
poa1n 111 ... V1th1>l til. carbo....t..o acp"eeat.al uMd In tM.a 1muUption.
u.r.. u..at<> ot ....n·r Uth.l.o and ""-.loW _ll1t1on, but \11th
.. connd....abl ,. in P'a1Jl Ill .... """. ",oed. 1:1 tlIe ...... tar-a&Ufll.te
bond tut.
A. VC'Up of <1&1.1. rUll!ol>l1' Mlaet.d rr.. the uJlOlts obtalnod tor
..ell ~'Uo and. surra... 1'1JI1sl1. va. ",lied in .IJlOV 2, tOWld 1JI til.
~ '!be.an. rr.:. JJI(N 2 .... Chan !..II TolllAo 7 along \11 tlI __
of tM U&1n Il1M and cMm.eU analyH' of u.. l.W"'Pt.ea. TIle nNlta
or til, analysia of ..ar1anc. on til... throe ~te. and. th, 1Ub....
<[IleIlt Ne..........twl.~. hano Pl'on'1~ bNn mentioned. •
lI1¢t1e...t d.Ut........ \.II M&n _tu-&gC1"'fgatoO bond eu-""CtllI ahta
1>40_ the ldncIa ot -urepte. b\>t it doe, not _ to b4I .. tuncuon
or cra1.ll 111.. a.o tJla 1.<loAoat bond.~ lIU d...el.oJ*I with tJla
1.rJ~"'hUo P'a1Jl 111... rr... the oth..- ,,""pw propc-U.. it
;,ppeora no lI1:l&la l'I'0pertJ I..... b1nant ,tt...t 011 the bond stftncth.
for """""nat. aw'"ca1<ls, p'a1n "be did IlOt 1Iltl""""" th" ..rtar-
""",,pt. bond.
£FF£Ct OF IJUIM SIlZ 011 1JXlREGJ.1I.S OF
~ C(J(f'OSInOIl
f60 9rit moo Qrit
,
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"0.'"
RE$lLTS or t£STS ON CO~:r!
K.>JlIl 1I1:r! Sl£C1ED J.llClRXG.l.NS
Conortot. .... prepared rrc. nNnd..,. 'ur t. or 0 .... ai.. or tll.
t,pe. "Hd 1>1 u.. bond ta.ts. Tll1. concnot. t 1nto 2 x 2 x 11 t
1ncb bMas and ta.ted both 1>1 n ....... and 1>1 1nd1noc:t tend.on. Th.
_ ~ or <l<lnO:r<lt. .... el ... ue«l 1>1 tlIrH 3 x 6 1nch eyllnd.,..
ror ~.s1on ta.t•• In _Uon, __ t:Omr<lte~ or both
t,pe........ -...:I. nth tM l"CICl< CON., lett n-o- the bond .trellj!:th tuh•
... vall ;l.lI nth pLa.Ue .....,. and gl... "...bl...
Th. n.fUlu or u.. n ......el t.att ..... ......-iuod in Ttbl. 8.
'lb. ocoopl..te ,...fUlts alorlf; >11th til ane1T*1' or yarlaz>e., IJIOV iI. or
d1.tterane.. U<>rlf; ...". nth 0... upc'1Aental taetor .... tiT'" 1<1
~..........
Th. greate.t nelO1l"al .ttezlflth. (1OO(tul... of ruptw-.) __
....... for .,..tor beD. viU-t CO.....~..te. 868 pt:1. Tb& ,..tW.tI
fO'/' til. 'UN>Pte~ rrc. carl>ons.t. .....::k., ""1eb bed prlOY1O\ltlJ'
bootn test«! for bol'ld .ttqu., ....... ~trlWt«! rr- 726 to 81<\ pel.
Ttl. Ii1trer....... 1>1 u.. tT.. 868 to tzh pel .... IlOt ~le.nt
at ........... b)" u.. tnal,J1I1' of T l.&ne. IJIOV 4 in u.• .I.ppenclUo
Th. b&=8 pr~ 1I1U. t4,. ....-bl•• in. til 1ft1.&N.t.1n&
ee-par1son of tI>& arfKt of .....reo. ~tmant. Merb.l.. I"O\l.ilI&I>&d
II1th 110. 60 r;nt rUIlJ..ted in nelO1l"el .~u. of S78 pt:1 cc.partod
''''' .
IIiSllL1'S or nEJlJIl.I.l. 'll':srs
,d. llt inch _s, wle • 0,60, ./e • ,.~
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"<WI Y.odu1UI or f'Ilptl>re. ,n .. deter>l1,..d by .t.S'l!l De.llnd1on,
C_293
"c' _a,. or tAo.u On >I!Ilch th. Man h band
C. the ....n veatelt .u-naion or pi.... or Ilgregau..
'.
11>........ tn~u.t.e d1aenlll.on or ph.n or _Wllll.e_
,. lh......" -n.at daennon or pi.... or aun,gll.4l.
vie. t,I.t.er...,.e"t raUo
./e, S&nd.e.ent raUo
·Baaed On a aaapl. or 50 pi..,.. ot -ween•.
"to 1oO~ pal tor _til l/.lltnoat.ed -arbl... the_ ..........~
C'UltlJ' dUt_t~ u.o.. or til, o:wt>o"",,- ~.too •• I, ........
by tll.~ or ..u1Ano. AJVf 4. in u.. "...,...... ..
.t.pprozl..u.WJ' _ b-. ......~~ th, rook OOA•
..-1rd.III~ th. 1lotd~. ~ .p. I ....... n.......u nlJ.Iooa
of IlIIO \0 711 pm <_~ wtl1.. __ 1.Glfw thp u.. "alD-a
obtdned~ tilt' _I I'POlII:U..Dc ..-__ agnpt.e. 1h1,
dUt...-e. .u attnbatc to 41tt.._. 1a pUt10le~ &rid u.o
_tile .....h.o. ot u..~
""" bNalI >111.11 plmllu rode r.... the __ ~too.
:DIe low ....tar pl ...... ll .. bIll'll atrqUa _bJ" .. 0CI0plrl..... to be
ad. of t1.--.l atrqUl nUl agncat.u or lor..,. bolt wl.tb
cr-U:r d1fC..- IOOrUr bofId .tnloctha. 1tloo _ nlOmnl
.bwCtll of u.. p1.... " .. ItCCNPw -,,"too )OIl pC. I'GIICbl:r
baU .. pout .. \bot • .....-.c<o .b...tIl of t. ntb rocII: ........
t .... 1\01 qp'tIpW.
no. _Ua<04 of 1'a1hIre of _ pblCleJ,u acc:r-c:al.e ..........\00 ...
dUt.....t u.....a r.... u.. otbw OCI<lI'NIte, &l~ the _th<>d or w.t
__ l.d..tual. It ..... IIOt puribl, to M1.at.a1ft • 1lIII.to.. ratoo of
1......... "'" or tJrw u-.. dI>r1lIC tIM __ of u.. ~. tboo It>lld
di pp&! ort .. 11' fallolu but tJ.>,t • 'ht.al.7. _ load
1u::t • _ a::d tho opec:~ u..s.d. to ...-t.&1.Il~ 108d until
tM. uti... vu ""I'Nt.ed _tJoallJ'. __ r..u.un. oeeun--:l.
~tl7 the ..........too faU1>lC loee"7 &ll.cor1JlJ ..End."t
d.n..,U- to br1lII _t • """"'- 111 "'toll LoU. ~ u..
....... 10ad •• obt&1ned, _ CGnOntoo did ...t brMk apet bnt
..
",,"t.1nU«\ to derono. lI1tlll>llJl7 low C"acke d ....~. 'lbe d..
t .....UOn AS ac""Bp""'C by • u.ow 1" 1.rI load.
Th1ellZlU.8U&l boibaY1.or of tlIe pl· il .. eon...."" it attrlb\1t.ec\
to &1 """.s. The l.;r drop.I in load .... ~yec:l to have
~ uM<! bJ' the tau or • "W"l ..u loom d...e.loped 0""
1.&1"1" or _ of tM plU1g1u 1"Od.e. The rods ec>nU3led to
pr'<Wide an inte:rlocl<1.>Ic acUon. ;ODd clue to til, low lIIodu,lu, of ,1...1.1.
<>ity of th" plu:1cla" the rolla 0C1dd bem. 1lCIOMOtll1nlt u.at til" :l1neral
au;resates do not do as ooapare4 to ..... te:r1&l ~oh as pl*X1gl.&••
'I!Ie l.ov nexural s~ngUl ruult.ed !Yoa boo ""urea., u.. l'irst
is the 1"" boro st<S"lI;tlI and U.s HO:IncI 1s the lawer OIOdulus ot
~.t1eity of the pJA>:igl.a.s. I. majorlt,' of the conerete ""s "-POsed
of plastie. \lhic:h hAs " _ l.ovfrr lIIOdII.lus or .1....Ucity than the
""".,..al aguess""•• It has been shown (l5) that. 1CN lOOdulua of
el.a"tic1t~ in u.. ~.te re..ato in. rel.aUftly J.av J>Ddu.l"a
tOT the n...uUng "onere"". 'Ib, nUlU'al st.rwIgth of the "onon""
lIOIlld l1lcew1,.. be r-.1u<:ed by aurepte of 10'0'.. -..1"" of ,l.uUc11y.
Ir41r!£t 1'e!!IU. Sb'!!ll\t11
'lbe rNlllt8 of the 1.ndl.r..,t t-sM:il' teet ,.,t r..,ort.ed b.eau..
it vas b.u..,ed that the etc""t of bond.~ m1 .c"",".~
gt.... due to tn, sl,.. of til..." particulAr test "l*'1tlenlI. tIle...u
~n ri.. NleU... to tho .nUl ot u.. ~g.oUl an:! tJle t.1«tIt
""aUne ot the =lM ~.t.<l aga.l,nst u.. a!.de of the opec1aen,
... ....u as ..."" oth..... \.n::tIlC:ed ...rtl.eient _plerlU.. and restraints
1n the dietribution ot the Itr..S6lI \lJIder the type of lOld,", used
to lUke the r ....lta leu 1ndieIU.e of the tensile It:rqth than If
"a wg.... _ had been uO«! (17). n.. ...""llU did not 'ppur to
""ntUet. with tile ... or th, nw:u.r<o wsw.
c.s:-m....w Sklngt!l
'1M reou1t.s of t1I. e..-presid.on teo"" on _ ) " 6 1ncJl C)"lln<:I....
lOre &:ben in Tabb 9. 1b. 1nd1Y1d1lal teat ....uta art r;:!..'" .. 18
the ....... at the ....lIU1t.s tor each dU"t..-ent II&P"'pte. the l.nnocUoo
sl.rfl». ~. U the .tr'eu '01"." the IIUlIIber of C1"~ l.apul'" """'-
-.en to l.zlcru.....t .. =>ell P'Ntw ....te. prev1cuelT d-.""tT.ted
in I'1gur. 9. 111. 1nt'le<::t1on ....u:o 1. the r.tio or til. 1nn.ction
.t..... to the uJ.u.ate~..:I:•••tr'ilngtb. 1h.~...ll:l.... ttl'slcUla
"ql h"<D • 1C'W of 1.260 pn tor ...,.,.,..."" -ad. yUh pl8ld.&1-&' co....
to 4.990 1'.1 V1tb .......tor "1llndcr eon~ no "".,... 'ungate.
m ot u.. rounded naUlral aggNOgate had ....... .,.,.,.,....nn .t.ntn(tll •
....._ 3,140 and 3.420 psi. n.e lIIltural aggl'elatea u....:! 1.n the
c""P"Jsll1c>n watt all aarboflll"" rock.,
0n1,y OM cylln::I ",.. Nde v1tb cor.. lett tJ'<a the bond teU"I.
It.s """'P!'eas:l.•• .tnngtll ..... oonsldenb111<1lfw than the ....>01lt.ll
tor the rounded natural .g:re;ate. 1h!. VU HtrlbIlt.d to u..
put101. shap" ot the corea.
n.. tl/l> cyU.rw:l.......d. with plex1&lu cor.. both b lev atr""ltlu.
1he taU"!~._t eare!'Ul.ly uaodntd. &Illl it tolll'ld that
bond Callur. occurred. or oou1d ....lI1l,y be .....u to 0ec:IU' ...n to all
plu1lLa' OONI. vith one uc"puon. ~..... pl~. eo.... ""
lJO orl..,ted t.IIat the u::I.. ot the eor. va • .-rl;, parallel to the
axis ot the cyllnd..... the top (u it "". cut) or u... e"r'" wu
bonded to u... ..,..ta!'. n... 0!II"II1a or the corea I\.od~ eut W1U. •
"=.
!lBSllLTS or CCt!f'\lSSSIOW n:S1S
IICWDII«l ClLU:1 DtPIIl.Si!: I!V3lllDlSIITS
3 ,. 6 1J>cb cyllMerl
_..~ Iptlteueo S
"
C)'l. Sc,p.oi Stnou ..~ ,~. o....,rlpUon ,"
."
~. :>x,psi • ,rt ,rt













(Dolcoa1te) ,.... t. 51 B
".
3.253 , .666 51.2 )2)0 19/10
,.... 1• 51 B
'"
,.,., 1 ,41 J 41.8
• St.~.... ,.'" 1.135 '" J." '.... 7).'(L1aut.o... ) '.J" I.ns
'"









3.352 \.415 42.2 y.a:> ,lO6O
, ,)31 1.5)3 , J.liZ) 1,8)8 ~.,
"






'.m ,.." ~..(Dou.1too) 1.)12 1.553
'"




3.182 ,.m ~.'(DoI01l1t.8- 1.)85 ,.",
'"
).005 2,35) ".J
"'" ""t.1lIut.one) 1.385 ,.", ", 3.25) 1."5 41.8
Kubl.. ,.., ,.., ,.. 1,641 'm "..(Soootb) ,.., ,..,
'"
1 .711 1.-\'4 •••,.., ,.., ," ' .... '.m ...,
Kubl.. ,.., ,..,
'" '.'"
,.... ,... 25:;0 1760









4.653 ,.." )6., 4310 2610
'"












Rl!:3lLTS or CQlmtSSIOM T£STS
IJt:;Wl:!IOO CJUCI( Il!l'UL:lS ~IITS




"•. Sc,!>G stno.. ..~ ,110. D....r1pUOn <.IV 'I' ... ~.pm , ,n ,n
ne"r1.. ". ,.'" ./. ..~
'"
,.2'" ./.
e........ or ,.. ,.m ./.
"'"11)LS
bancI .... and the re~Us>c lUrla~. "1.8 apparellUJ' IIUCb tJ;a1. 11.
deftloJ*l. a bond _ ..... taJ' "1.8 plaOll<! OUr the "","he.. Concl1Uone
~th the I"Od ....... apparenUJ' ...m~1...UJ' d.1tr....n1. eo ae 1.0
no1. denl"" an apprec1.eble bond.
empar1!9n 0' 0:Jmrt",1on ru1. !\INti 00 9:1'ndF'
1.0 D'E'W Tut 8ulla, 00 he'
An overall 1>l:lq:>u1.00n or the two tn>ae or 1.Qta 1nd.1eded tJ;a1.
the fie=n.1 and the caopnoel1= 1.Qt.e " .... 1n acn-n1. U Nlt101pated
tr.. th.a remJ.t.a ot other 1Dnoet1pUo... (t6). I\1ilI nO!lml'U .-..,th
t.... uample _. 1nd1~.1.1... or h1&lI O9IIIIjlI"Ou1ge atrqth.
All or the 1.<Nt.a ~tr'ated dUr......... in UIe remJ.t.a llh.1~b
.... attr1.l:lU.Ub1e 1.0 the -... ag;gregat.e. lhe 1ftt111..... or the _rtaJ'
hood .trerosth and oth.,. aunPta J'Z'OPII"1.1aa ua d.1"",.eed 1n the
roll<Nl.i\g two ,""1.1.0....
"=SSIOI or 1lII IDlVJl lrnnrr"m 1lOR! 1Uf
usrL15 COlJ'.illml 10 CODnl S'IIWr:i'lll 1!:ST IISlLTS
BDad.~ ...~ t"", _ -.rt_ cc..!1U-. the
.....uu hI,.1"'1 boea~ ....,..... kWH or _ ~
lade or •~t we boo1trlJ~ 1>00_ thoo _
diJ'r__ .....t.... t!rd_. "" <tl.tt....t agnpt<N. the .....-ace of
tb, bond.~ , ... *GnPte &lab ",,",acN t1J:d.&.d wl.tb 10. 60
ent""'" w:1t.b. lb. 1200 crt'- bu -.. IlNd t<>r~..... wltb the
"""CZ'tote te,t rqul t.o.
!",,"1 or IlRIld op nnW S$r'IJ:l.!l
'Ill, n""""u too.t ...-..lta. 1C1".. 1tI t~ S, h.a" b-... ~ttad
"""'" til. 111 ~ _W-*ilJ"egau bond .trqUl of til. ClOU..
IlUTOOP", 11>~ 11. '!ll, r'lIll1tinc dbtrtlNUon or po1tlte
l..n<l1...ted that 1.1I. bond atnngtb. ..... 1n41...u ... or til. nuural
.tr~. !oM 1J>cIol\Jd..tMIe1,. oe......-.d. bu.t tbe1 d1d ....1 d1.nut1
tIl• ........u w-.
1M nl_ or bond~ t .... botll p1~. an! .... tar .....
...1 ...~ b7 bond teat. tar _ ~ c..u not boo poI"t..-:l
llOI1Jlc u.... aatc'1ala. no. plw,'u tone too _ • bond to __t
_...--t. bu........ bolo:! d1.d ~t.. "nlue or 10 JlO"I'd8 .....
~t.l uUaatoo. ::b<O bond ~tb tor ....\&1' w1~t
aa:r-Pte m.U.rlJ' .J....tc tor it ....~ u..,t tbe-ortu

























FIGURE 11. BONO STRENGTH VERSUS
FLEXURAL STRENGTH
".....tu rau.uz.o. oc......,.1ICI with .....,.t<e. haY1nl; th. Illcher bond
rt>-erII:Uu .. 1\ u"- that the ......1.&>". bon!! .~1Jl .... not
• _t dul ll.1Ib fll'CII>&b1J' 80 pound. or .J.1&hUJ' 11111I....
1J>Ior...... tMnbl., _ .tnIn&1l> .... tile onlJ' Tar1abl., !>ow....
...-.:r other rac""". ptrt&1Jll>lC to 1M oou. -ecr-pt.. an:! d1~
el_ ...,. ""...~ tb. t1NoIcth or u.. oo"",..t... If.
tor • Ci t;Jpf or ..~. 41ff_. 1J> bond .tunctll or tlI.It
..tcoW to .......t.r ot • 11..... ~II1Uon U pr1.Barl17 oUpendent
"l"'t' _rae. nmob. _.-J.d u;.oot ..,dl d1tt to _ ...
noc:tod 1.1> u..~ or CIO>OI:J"tItu __ nth til.> ~ U
boa! atr..ta~ no. cl&-' ...-1:>1. ~t.e. -.. >lOOId t ....
tM:> dUt t --.ow v:l.Uo the on1J' TarUble bel..Dc tbI 1W'!'ace
!1DUb. It p1lt.U':r1tlJ to _ Ulat u.. ...tau" poo::lu-. tor
_ IAI ~ II, "CJ"Md ...u 1I1th u...the- .....,11. .
au... rac:l<Ir. be1"C u.. _. u.. __ agnptoo "UIl the pw,t.nt
-.-t.ar~ptebonl~ w.lJ.l ...all: la the crute n~
atld. CICIIIp<"_", .~th tor 14.,. old 00llI::r'et.e.
U u.. bond.~_. Gb~ l.tI Ula ~t1D4 .....
com.n.:l to tbo ~ua of naptw'w. u.. nalta or too,too .... ~te
...,. be ; 'lICIlIlth _ ob~ b)' ........... ,t &1. (II). lh.
...SI:llta acr-~ .....u ..en UMooocl> the t;n>e or bold tnt
spooct- ........1: u.. _.
."in Stud
1M ......1\.. or tbo ~u1<>n tNt. on , " 6 l.llr:h~"
e1"" l.lI hblAo 6. lI.I...~ p1.ott.-d "'" the "..erap ....t.ar_
aa;rep.te bond .~th oL u.. t.. 1.Il Pl.C'U"" 12. n..
",,-.1.... or boa!.~ tor bDtb lbe "1.... .,.. UlIl. the ...rt.&2' ""'"
ap1>l ..u.atN.
no. plot or the~" taat ......11. tbe _laI"_
qp-ep~ _ ..u..eth of u.. __ ...--~ that the l.nfilI-
_ or banl -oactb "" .-p-e»i....~ 11 Jar t<> it.
1Ilr1II_ on a.--al~. '!bOI cV I .. to. ...-.caw... t «l
~t."'''-. ca.pr_u S'Qqu........,. boo_ ),I,;l,"",,- 3.4al
pal. '!bt,M ...........~ .,... clo~~ 0C0IIpU't0d to tbe _ """"PrU-
.".....b_1h ab~ tar -.t. nUl. Mrtllq-. 2j:J:I pa1
tor .....p..... P>d 1m pC tor tIMo tII.~... 1M 1lItl_ of
bollC! 11 "JlpU'ent. ani' the nnp or ~. lIlI/laded. u 1\ &1.. U
WI... the 0CIIIIpnul....~ or u.. IOf>M.U o:tllnd... lI1u.c..t eoar.
agnpt.. 11)10 P*1. 11 1nc1Dded with the uuaated bond .tn""tb
tor tJI, _Ur. 'ftIe ..onerele ~t.b .... p-Mtw tor _.t.
proc!lleod vl.tl> • -.... agreeal.e banne .. P"Nt.er _t.u4W'ecat.
bond ev_tJI 11 "th... taetara rll>&1l\ ~«l.
!be c..!'"'ea1n etrq1ll. of .......,...t<o obt.ltlOd vith .,.,.,....
accr-pt<o. I>a'l"lnl nrtllt,l. bond .~tA._. _"1>1'''''' too the ..-lUlu
or~ It al. (II). 1l>e bot>:! au.nctb. u;n.Hd. ••
~ at l'\lfltur. &ad till pan..~ uu..t.d bJ' 1.Iltc-.
po1&t1on r- .n"·ble l.t>onto..,. d,n.. _ tbe _, ...«1 1:> UIU
t-MUpUofto 1M......,....t. OOIIpnNl.... ~t.b 1.Il UI1' l.Irftet1p-
t1oa .... _dO ~ lt1(ll.- than that ob~ v.mnr 'uu:a."lI:!.,.' •
......,s.oa. I .. 2P..... 8 ooqual.- tile bend~ and P eqoaal.. tbe
pua ~tb. It 11 po"''''. tIl.at u.._~ or~ u..
......._ ~t.e am tbe ...... ; 1 I ...... ~UAU7 ...opon.sL-
Me tor the 418... I·...."..
nut plot or tJ>. 1ntleoUon .tn."". obt81ned tI'OlIl tJI. erackiJIi
apul". COWlt data did not .ppeu to N grutl,y 1ntlu• ...,"'" b)' tJI.
bon:! nz-_tJ> NtwMn u.. ooar.. BUT<>i..te and til...rw. th.
1ntleoUon uUo ..... tIlerdo.... _SJ.l7 cr...ter rOT ~''''''r.te.
""""" OOV"" au;nsate h.od tile ~r ..rw"","""pte bond 1t:r.IIlltJ>.
the data ........ not ....r1'1e1ent to N conclun.... lNt d1.d ouuut
tile ro1l.oll1:lf: hyp:ItIl.81. ror COllC1"8te roll.......
'oIhen til. lIOTt.o:r-qgregate bond at:relllltll cha.1"actc1..Uc
1.1 til. onl;r varlable _ns aggnc..te•• 1•••• "til. ,"""pte.
I>&v. 1denUeal 81.... wpe•• pbyrieal properU....te••
"""ente l113de nth the"" cou"" aggrepte. and a aort.aT
V1U r0T3. >derooraok. at • OOIlpTunva .tn.. tha.t is
~ depend.....t upon the properU.. or tha IIIOTW.
Th. -..t or ll1c:=aeld.ng.... ranaeted b)' the J,neruoa
in 1'lllIIba1' or lIl1crooraokl to reach 1nelp1ent rallllr. 1.
d8pen:!ent upon tha aoorw-aggreg.. te bon:! or tJI. cou...
aggregate.
The ll1oroer..ok. (oeparaUonsj ooCUTT1ng in the c"""""te....
ret1aeted by the 1I:lpul.. countlJ. Uk. plac. at awrex1l'lltel,y UI.~
r .."". u lJId1c..tod in ~. 9. once they "",,-no•• n.."" nOT<>-
eraek. occur in order to ""U......tr.."_ dOVft1<>p1d V1ti1ln tJ>e
concr.t.. 111. 1n1t1ation or cucking 18 d.?"nd""t upon UI. [o""",Uons
or SIlfficl.....t _tr••• oonoentraUons to I.""" OI1erooraeklng or .-.para-
t10n•• It "" 1nere:lent or .treu wU1 be relieved by one cr-ok.
rega.rdl••• or 0.. nortar4Q;t'OOg.ate bo:>::l lnvolved. it b.cOOlu Ippo.r.nt
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AVERAGE OF +60 8*'1200 GRIT FINISHES.
FIGURE 12. COMPRESSIVE STRESSES
VERSUS BONO STRENGTH AT
FAILURE AND INFLECTION POINTS.
~b"e.. lI1ll be ~ter t.,.. conoTete haYiAI: the lover IOOrUr-eure,at.e
bond. 1, the load on the eo...,..ete ccnU$1ea to be 1J>cTu_. the
n~ ot .tAn 1J>cT..,."W roo<{I11r1ng relief lI1ll reaa1n tile .....
re~58 ot the ..,rUr~ptebond. TIle tot.aJ. euIlI1Lattn ...
c! separaUon. howev.... lI1ll be grea""" tor tile oonere"" with tile
1.o'I<e:r bot>:! rlr$rIgth thue the oond1Uon 1n wh1eh the ........all .tNngth
ot tho s;-c1men t. J..nM1tnet..,t to with.4nd the load h ....dled .t
l.oYe1' applied load tor the conere"" with tile lover bond 'b"ellgth.
Tllte h»>otilelfl.. c""""t be .ppl.l.ec1 to th ........ ot Jo..... and
~plen (4) lnaSINCh .. tIlelr ~p""s II". 1ntoonttonslly dift....ent
1JI l.able. other than the bol'ld1n.g <:haI".cLerl.Uc,. 0.... ot tht>1r
ob Uon. is nevertheless IIOrtiQ' ot no"" and .ppear. to be 1JI
.greelllel"lt with the .l>ove Iln><>tJlelfl... "'!h. rel.tion between the
flexural sb"ength c! ccn>crtote and th••b"ellS at wh1ch cr.ck. tiret
'PJ"I&1' in C<:elFua1on ...... 1ndependent ot tile tn>a ot coarse aggre,."""
(4). 11>11 O\lUuta that oth.. vartablu lII1Cll "' ohape and ph;J"lfl.ea1




















































































































































































































































































































































n.. the =<><lulu, of mst1c1ty wa-. not ....,.at.ed ..l.th UnnsUl. it
.ano only that """" taetors veT. OUNt bJ' oth.... UI.It v_ not
ldentUied 01' ""nb'olled.
TlI. perUcl. wI'" ot the ~te 1l_ 1lI the concreUl ....
.-.alu.at«! by 1'1nllng the ,Vft'.p lqtll, L. width, 1/, U>d th1ckne..,
1, of • randc:a surpllna: ot t1..r'ty parUel.. n-c. ..<>II. ,""",",teo
'!he reoulh are 11'"" in Table 1 in tJl. fo,.., of L/'rI and WiT. n,.,
p.:n-t1el. shape appear. to 1:lt1"""". u... concrtote .b'en(tIl as ~....
1:1 F1«Ilr. O. 1IlIere tile parUcl. _I'" 1• .-.pn.."ted by the _ of
the uera.e L/" and WIT tor ,",,<oil a.urel:ate.
It Ihould be not.ed that the aUect of bond ItnnlJU> and of
perU.l" ,"""pe \11th the low bond .tz-eJ!C\h aarept.... 1.... the ~u
.....-bl.. and the plu1d-a•• l'Unt01'm _ oth... ; thus P'111'J"ll 1)
o.annot be cons1d....1Id to m..-trate UIOI .!'teet of particle lllape viti!
a.ll other properu.. bainl!: cO"*tMlt. It IlUrl 1.1.., be ""t.oId that til.
OOrlCnlte in UI1a 1lrout1ga.t1on WI _t dill......,t tr<c ""real
c""""ete du. to the one .b" <:<»r... aarept. 0JId the ..thod of
<:alJUng UuI tnt opecI.en. by tord.ng .. _c:b ~te .. ponlbh
into the spee1lIen. 'D>e int..-locld.n8 .cUon m:t 1>00 grMtu in Slch
• =ote L"'" 1n one ..ad. by rIO'I"Ito:>1 procllduru tilus uaa:.... t.1ng
the at/eet of pUUele IJhape. In ... Will eoarpact«! oo~te. "".t.ecI
1n naJllN, ,,""gat<! w1tJ\ the td&h- L/W and 'tilT value 1a ""l*'t.ed
to give • 1I1Ih.....~ than obU1Md v1th """'" "Pher!.&). ",","ac'te.
The ...oult.l ot _ aadc> with the roo>a1l\.o of rook eorea ....e
,..,t .","" on F1f;w"e 1) nn=e only one~ oou1d be prep.U"ed fo..









































"Table 10 In IJIto AppendU. It pl.ott.-d "" P'l."," I,. tM7 au-- qIl.1t.1
...u lIith the apparent tren<l.
ParUc1, ....... qp.and \0 b.ln le.. 1At1....... on IJIto C<:IOpre~oi"
.tzoenctll or tM ) " 6 l.ncb OI:I<lCNW~. tAM on the fiamral
and. 1nd1n<:t t.>8U, .tnnl:u.. or u.. _ t.lrU. PleUra,4 ob;N,

















FIGURE 14. EFFECT Of PARTICLE
SHAPE ON COMPRESSIVE S TRENGT H.
11:1. IIolld.~ 110_ porU&Dd. c_t Mrl&t VIC! cov"
qcNpW .......bU.d b7 don'lOl.opl.llc • tnt ..Ulod lGiclo ... """
.........-1.1.7 or qcNptM. fort raet.,·... lGig a1Cl>t~.
tho bold __ lm'uttplAod 1Jl U:> otIU1I> w ..... t1oc Oil the
""bOn or tho _tu--a:r"'C"w bon:!. "-"" or u.. t'1Id1trc.
,.u.n,
1. "tnt ... 4..~ to _ ...... bond lM-.. ... q,cnp.w
.....r ..... VIC! portlal:d _t _tat'. TIM too.t hu • b14tI
.....-ubWq. .. do 01J>c' bond too.too UIIot ha". bMn 11_ to
_ ...... _I&t ;.too bond.. 110......... the ..thod dft'lIlop-
.d Iol.J.on • 1.,.;. ..-.. or~ to 1M pr.pU.d wit1lollt
.........tt....t VIC! with a l:"&t 4MJ. or p!:I7m.oal. ....uondq.
b.-.. u.. too.t ~na.
1. 'lb. u-p. or _too 1I>tl.....,.d th. _t or ..rtat'_
......w bolld. '1M~..t bonll. .tnlll:tlI. VWa obt&1Nd
II1th ta:l.too.
). Oral.-. or tM &UNlatoo .......t nlalAod to th. bold
.....-
II. 10 hlaUoMh1p ... r_ 110_ th. _.....-.d. ""cal and.
~ po;oPWU" or u.. aev-too. and. lMll4 .tnq1:b.
So I'W tbo -.tit1Oll or "'" dr'J'1!IC (1•••• """""Wit aatanu.o..)
or~w 110m ~_. 110 thh 1Jro'..u.;.u-.
tloo .....r .... M.m.oII o,'"U,. did t .rr.. t til. bond ",...".tII.
It h .ntu'-.lr po...u.a t.b.t \lllIi cond1t1o... or part1&l or
~.too <trJ1trc......r .... nA1011 ....,. lAf1.....,. tloo _t
or bond troJw! br 1Ibr11*'P. tt h propoMd tloot •
""'CII r vUl orr... c<>nn.t.r~ ...1tn.1l1t to ofr'J'1nI
_.
6. 11M _ .~ d1d DOt~~ IN_ tloo
.,.. or 111 an:! 215 dqI.. .I. -.u .....,... or tuU _. on
'P'ClM... It .I.ppO'On-toolr .I.1:l< _t.b. or &l' 1ftd1eou •
~elllt l.D<:r_ 1:1 bond .trwlf;tII btl_ .,rl.ar .I.Od
awocotoo .I.t thi. l"'... '"P.
1. e-.u va. -..dl nth ......-.l or U. loU""C"too..... lIh1d>
..... t.ar-aurIlCIU bond ItN"Cth dluno1naU..". II.I.d _II
Md.. n,. co""...too 'u:Nt:.l.too ..u ~ed to 1111n1Jd.. till
Irro<:t or parUel• .i.ll.Ip' an:I ""'''''.... 0.-.1.. -ec a""
..u ~nd to 11Udnatoo u.. "rtNt or vIdaUOII. n l1ru
an:! """'Ful1••• trlOnith "".too ....... p"'r....-d 011 u.. co_
....."". Ill....lUlt.......~ to tIIe_ or u.. bond "".t.
.I. ..-..,. or til. t1nd1n&. rou-.,
•• IlIoo fiuuzu '~onctll or til. _.too .... 11&n1I.
le....u". dUr t ror ~""" haT1!l;c VNu".
dUr_t Ur....aw-Ptoo _ 'b'oncth. (1••••
11M.to.... cLan UIl. pl.&.I.Uc).
b. 11M c"""'"'''''. IOlI<lo vlt.b noboral lCP"IIC&tu. h.r.11lrc
bond .~thoI r__taU r all notll:ral
~tu tuUol. d1d ....t ba o:1pIlt1eont
"d1!r.......,. in !lamr&1 atnnctb.
'0 '01, """""..al'• .-...tlt. or the oo...... t-o U>-
n"..... lJl • _r ".Uo.. '"" Ulat ob od 1.11
tI>e _ or n.>DU'&l atr-u.. In ...hbJ., tI11'r.._
...... 1<1 i ..he att'qtll v.... obt.a1Md on1J'
r... u....~w. ol:l1d1 __u.r 41tt.....1d.
..... -
4. the '.' .... pr'"'_et.l7 __ b7 C.......,..&do:1.nI;
lJl _ ccnonoW -....:l.... I .I'l"", .......t..d
al...tNn1cill.T. no. l.lIl.t.1au.on or tIM.. \.IIpll'"
ancl u.. ._,.. pn_t at tI>e 1.fIlt.1at1on .....
abt.a1Md clu.r1n& tIM ""-PI"nn.>o ....w or u..
.,.........w. ... h7P<>t.b,0i1. tor 1JI0 rill....... of CO.......w
U1Id.. ...."...1I1on .... FOllO- lIUlld.n& tho
JIO"t&Jo-accncotto boDll II.J'_th to ew:plol n u..
OOnl>t"elAo" bllhartar.
111. foUov1nC 00",,11111011II are lUde on u.. buif or ...nlh
obl.&1no<l 111 UUa l.nruUcou..n.
1. 'Itw -.It ~ .,..~.w bond 1b'_tIl if not No:1lT
r.l&tabh to o:1nora.lo~e&l. ~c&1 or p/lJ'm.e&l _U••
of tIM "UJ"'OPw.
2. DUrnenc.. 1n .....t.o:r-acuac.w bond o""'""&t.b do U:1ft.
but t .... • lI1de ~.~ of ...~~W. U.O dUt..-IOlEO.
1n _ .~ ---.d. -..4.. tbo wet cond1Uotu1 ot tbt,
1loo'..UpU- ...... _t "C"! lAlTo.
). _ a~Ul ~.... p-_tl;r 1nn1l_ ~ nUW'U am
~M1" .b"~a ot ...........1.<0 11 ~ <I1tt.......... in
b<>nda~ .... ,,~lup. r.,.. 00..,...1.<0 "*U.ch h.l. n<>t
_.11 oM too <h7. "*U.ch .... __ lIlth .. v1doe "an._t.7 ot
....b&n1 __tea. and 1.<> 'llldeh _ Irr..,t ot lll.ape.
~ and cr'I"kU_ h :dtIl.Jr1ud. u.. Ultlo_ ot _ ..ar.
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"1. IIt.Uh1A1 the -:1erocraek 1ap>l.. COWlUnc~. t'IIrtlle!'
abocl1u ot tile etr..,t, or~.~ a:ld l.mMd. or tbe YW7 ...tun
or botll t.U&u- aDd. er..-p or ...........toe ....,. '000 ...0..
,
"llIBt.tOGlW'HI
1. li."""".... X. M•• ·Sb"engtll or the c.ent.-.l.gualate 90""',·
rroct!!!l'lf[f. !Mr1C&1\ Concreto. InaUtute. Vol. ~. Yo. 5.
pp. 3n·m. llovtd>ar 199].
}. JaM', R., and lapl.an, I\. r., "1tla Etreet or eov.. Aura.at.
on the Ilocl. or rill..... or C<>nente in eo-pr..s1cn and nun",,'
Maul.\no or t0nert$,! Rtstarch, Vol. 9. Mo. 26, p. 89. Auguat 1957.
5. R.... T. T. c., "II1crocracka Boo_ Coar.. Agree'l.e and Put.-
Morar 1n Concreto," fh,ll, tbes1!, ComooU Onl....nitl". J1ln8 1962,
6. 1fIlnl!:...... It. L.. "Bon::! Between Portland Clemen', r..le and 4I;npt.e."
!'!I.D. lll.,1s, I.....a Sta"" Collaco, 1957.
7. Ilogl>erC. E•• ":rm..u,at1ona or lI<>nd,' 1!0rd1* seW!\@;. Vol. 6,
110. 4, pp. 357-368. 1962.
9. .\luanda", I. It•• and 'olardlav, J•• "Pepeni:l."". of e-.nt.-
Aluapte Bond S~th on 51.... of ~u... !!!!!!a. (1.>II<1on).
Vol. 187, ll<>. 47)3. pp. 2)0_2)1, ~ 16, 1960.
11. B1aqu. R. E•• and x-ith. J •• 'Cbem1clll Chuacterhue, or So£.
Ca.tb<>....te AUnpt.> u Related tg turlObllitJ' of Conentoo,'
!I1§hvay Rtsearcll Bear<! Bull'Un 196, pp. Z9-lI5. 19,58.
llIBLI<XJl.U'III, oo"t.1ml1ld
lZ. 1I&d.l->" D. 1/., ".I.lkall R6acUrtt;y of C&rbofll.to Rock. ~ ~n
and Tledo1 .... U ..Uon.· ~r.t'1'M..~ 11......"" Board.
VoJ.. 110, pp. 462-11;'11. 1 •
\4. L, Hcno1to, R. 0., "V,,~ Chanl:s of ConcNto." IItJ> Int<l!'naUoNl1
SyJtpon... on tJ>s a..a1stry of c.snt, l/uMJ\l:ton. D. c .. Detober
1960. (~C"""l
15. h~, M, r., "nUl>:ral and C""'P"ss:l... Str.",tb of Co.......to
u .o.rreetlld by' tJ>s !'l"opo:<"U.. of eoar.. 4P"'S'too.· Pr2c~~"
A:lerlC&n C~tft InoUblte, Vol. 55, ~. \1, p. 1193. Kai' •
16. RoHMaUpt, 5., nn Jl1ol.. A. Co, end. I/ljl.... L.. "A _ Ind1re<:t
TenoUe Tut for Concrete-1heoreUceJ. Anol,ystl arol Prol.1a1JIa:ry
bperiDents," W,t1n. lleeoarcll Council of braol., Vol, 6C.
pp. 13·26, 1957.
17. l1n:S8r, P. Q. and Dalley, C., "Su-..s ~s1o of • Uni..... s.>l.
Conento t..t Speca-..· lUl£K Int.en>aUoMl $yl:rpc.r11ll11 on tJ>s
lixper1leftntal R.........II of F'1el.d TuUn<; of Concret.o. NoMlaJ,
OCtob... 1964.
19. 1Ie¥, JCl"'S M,. "Ertended and Corr"",ted Tabl... of Upper Per.















































































































































































































































































































































































































































































































1ha<=h. II•• DoNina. l., an:;! 1I1hd<nf, II•• on.- Ut.et or Ml.nora-
lcf;leal C>&t'acter of u.. Ioggregau. on t1Ift c......p or Conerat<l,"
Do.Ie~r AUI_ehu. tor Stablheton. (!le:'l1nl. 110. 1'>6, pp. 19_
1)). 1 2.
U. S. !lW'eau or R..,l.a1-.I.tion. Cons:nt!!j~. 6th &dit1on,
U. S. Clonrr......t Pr1nUnc Office, !'Po ~ 2, 19}~.
10'&11<... 5•• 81.,." D. 1.. a.rw:t ~r. R. I •• "IIuaUonoh1p or
eoncr.tes~ to 11...1-. She or Agcrecatu,' ~-'nn.1U.ch~ lleMAt'cl> 9o.>t'd. Vol.. J8. Il1th diocuu1o....-~.
\o'11.lh. T. F. and De ~!l. II. E•••~ Voll1lM Chane- and
EaaUc:1ty or ~pt.e and lhe1r Utect on Con<>ret.ll," 1'!'90l:!W3l.llfI'.
ASDI, Vol. JS'. 19)9.
\/r1gl1t, P. J. r. o 'n>a Properu.. and 3pe<=1.t1utiona ot ~.".






RI.SOLTS or ru:Jllll.U. 'lISTS 01 COICltl!:!!: BnMS
2 " 2 J: \I t !,neb..
-,""«atoo -...
-
Co..... Au. •••• ••••
UId D.."ripUon ~. ~-.
'"
'I' St· pn~ by '01_
llGIlnIloocl ...t Wnl".d, PUId1ll!:
1 1st Rth''d 3/'" 1ne
, J.tr...."~
"





'n ~., 1.3)0 1.811
'"
"
~., 1.))0 1.811 .~
6 U8t.on Cr_
"























~.)6 ,.... 1.135 m
"
St. a..-n_ , ~.• 1.331 1.5)3 'OS(LLlu""... )
"










~.• \.5~ ,.." 'J'(u..utone)
"
~.• \.5~ ,.." .~
J' 60., I.),s ,.."
'"
"
60.' I.,,, ,.." ?66
"
_.






~., 1.372 1.5£1 ~,
'S """Pill.
"
~.' 1.)85 ,.", ."(Dolcm1t1c Lb..tone)
"
~." 1.)85 ,.", ".
"
57. , 1.)85 ,.", OS,
... 51.) 1.J65 ,.", ..,
Karbl..
"
53.2 , .00 '.00
'"(5.00th)
"




""., ".J3 , .00 , .00
""
"TAIllE 10, cont1N.ed
RlI:SlLTS or rtElUII..U. t!STS 01 COII;Qn: BI.IJlS
2. '" 2 Il 11* l.n<:he.
J.ur~.u __
-
eo.ar.. All. •••• ".















'"(110 CoaT" Aunt;&u) .. ./- ./, ./-
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'/' '/' ./- ,....
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Ba_ .Il • oaaple or ~ pi"'•• ot aclNI_te.
_. _ ""en r_ed rrc. .aLl
Ru,,!u ~ta1nad on -... leu tl>&:I 11* 1nclI le~tb
3lIdden loadiIlc to h.1.l1U'i> D1 ...egarcl V&1"•
I!o<lulue or rupture. pill, .. c1e~ by ASnl Det1cnaUon, em.
no • ....." p'HWlt d1_*,on of pi..... or agree.te.
ns u.tenlod1ate d1,qnalon or p110CU or ~g"'g.".
Tho " ...uut ~on or pi..,.. or "llp'eget-o.
"'.~
l __~
11 r1n1ot.:lllD. 60 Grit
1
2
_ r1n1obtd 110. 1200 Orlt
31 _ c4LSol (,,"","~ 110. 4) (IIot u_ 1» oUl... portio... ot th11
l .....ueUion)





I. .....t.... Pial. ~~'" ~,
,
0.019 ).9}., ·)1 +1.









van- CCIIfII'O'*'t t!IM to ......' I. ,t&l &""""
.- Y&r1.Nl<:& ,emt <tae to I. ( .....tae. u.o_t)
J - ,...".".. __t _ to J (accncaw ~l








.2 .. "M2 e;.- iUh"").,l'lll
illlPN' ,.......w. Po1nt.ll (19)
'; .-
.. -
II. II• • ).20 .. ',.J
" . ,... • ).20 .. 'L'
'o' J.11 • '.l:O .. ".9
.,. ).)5 • ).210 .. 10.7
" . 2.81 • ).20 .. '.0






1).5 .., '.0 ,.,




• (12.6) (11.9) (10.1) ( 9.0)
18.0 ,., 0.,, (11.9) (10.7) ( 9.0J
11.5 •.,










" I 1, '" ~J, 1,3,
"1 .". .", "",
--J _.
~ ~ ..... 60 Grl.t
l..z. Pollibod thrv. .... 1200 lint
'to - 09~1 (JuNe_to. .... 9)
,~_ Cl0LS,.1 <.tecnc&too 110. 10)
'6 - C13LS.-l (Auret;U..... 1)
"
~H Dec. ot ~ ~ ... ,
'.O}
,,-
, ZWl.'74} 2/oII.'7lo} ,,2aj1 • , ,... ).9}











farl.ano::..; nt em. to .~t&1 error
, . Yar1an<:. "-....t _ to 1 ....r_ tna_\)
J • y...unc. ....pot*'t dIla to , (aancatoo :rJ
".
Van.-. ; _1 dole to l' (1:It.ra<:Uoa
".......EIMl• .\nalJ'al. rot' A1Df 2
111. -... tar tile boo t1n1 'I ....... 12, hay. __ l.Aod
-.. ap.n""t dlrt ""l t_ I>etwMn ....r.e. t1al.....
.... ... .... l..!l_uU... boo_ oarr nm.. Nd -eP-<tPt4I tJ'P-.













lIpper r-w.. Po1Ilt41 (19)
"; ....u
., • ).)s • ,.9' • 6."
., • 2.81 • ,.9' •
'"
DU't........... boo_.. ,,_ V1tb (11 .al... )
,
•
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14.693 ',00, , 25".191 2557.191 ., +)11. j
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llppw "'--'UlAo Po1IIt. (19)
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"". .-, ". .-.
, dot. tor "c " .-.
'. ".:.0, 4or. t .... •• " .-.
".
RNlllt., a "" t. ....,. n- """""001 &nil .....eeI lICINCate
&nil I"'" ,,, II&tblu &nil tu onlJ'
'0" 11.16. '.OS" 2,20. '.0'1 .. ).OS
J. slplU1eant dift.....,. m.t.e bebl ot the • .." 1'l.oo:I>N
.~ tw the eoner&tea.
b. J.IIonc ...........tAI8 __ rn. """""eel and. ...lIbecl earl>ol>&te
, e 1.0
Ilo~t <I11't.....,. u:1ata be_ the ...... ot the
ne:tlU'al 8V_tiI tw til. ""nc:nlt.ll.
e, ...... ""nc:nlt.ea ....,. rn. carbonatAI acv-cat.e and ....u.-
'0 .. 1.01 '.oS .. 2,)9
Go~t <I11't....... u:1:Jt.& be_n til• ..". ot til. nUll:"al
~tiI rw the """",",to.
d. J.IIo.- """"",..te. __ rrc. carbonat.e lUTOtate and ......,p
'0 .. 3.110 '.oS" 2,110 '.01" 3.117
J. slplU10ant clUf.......,. doo. u:18t boW- tb40 .an or the
Toqh Nrbl.. and. the oarllonIt.e _atAI OOnc:nlte.
97
lImIltXlll.l.TIOIl or !lIE IlCIltI'LllS or
IlWTICITJ lUI. TIlll co.us AOGIlIO.m:
The -:I<tu.ll ot elaeUc1t;;r tor ..art..... ooa:r.. ~." &1""
in Table Z. n......alu........ detcmnod by ...... of ._ trua
det..-.1no.t1on 00,"",,01«1 witll .. t.eat1rlc aachino and. .. Tuck........
opUc.ol atr-a1n 11(8.
Rocl< ~~. ""'a co.-.d p"!1*ocl1eul... to ..d1 oU.er and v1U1
0"" of the orl""taUo.,. ~allel to tM be<!d1 .. pl.ane of tile rode.
F1cw'e 1.5 ........ __ of til... cor.. l.tJ the p<)uUon tTcoo 1oIh1ch tb-r
vwe ""t.. tha. cor•• vwe upped to tn....... tlIat tllelr end........
pUall....
~ 16 _ ... oore, ..1t1l .. T\ldc......n 1'1:_ -..t«l on H. in
til. t..eu.. ....cb1-. ~ 0'" opUc.ol ab"al,n coca .... 11M "-"au..
ot the ..u d1oIIet.«r ot u.. .0.... To OOIT••t tor b.-nd1!lr;, ..d>
....... va. t..t«l b/1•• with u.. Tutk..-., IOC. l:>e1tlI on oppoitl.h
neI•• ot the cyUn:I«I' <!IIr1JlI Meb t.ut.. the ."lOnCe et.ra.l.n va. 11",,-
alone v1Ul tile .tr... to 1tlIIbJ.... atz...atr-a1I> <NrTa to ba dn"""
\/h.., perpen<l1cu.l.&r core. prodI><:ed d1tf.....aat .t b-a1n """s.,
." ......ac...-.1u8 .... uMd and. the """"lua of ela.rl101tJ" det."_
'!tie~ w not loaded ""tu to1luz. b<lt ....... kept 00...
• 1d_b!J' below tau to 1n8oIra tlIat IlO 4aaat;. -.lei. OC<l\lr to the
atrain ,.... 11>..,. lo&ded .,.,........ ruse or 1_ t!'ooo '»0 to
"FIGURE 15.
POSITION
CAPPED ROCK CORES IN THE
FROM WHICH THEY wERE CUT.
~IGURE '6. A CORE WITH A TUCKERMAN
GAGE o.4C'JNTEr. 0" IT SET UP FOR TESTING
99
ssoo pilld~ "JIOII til. apMt.ecI ..... _ lHd. Or.. tb1.- ranc_
of 1...1'. til••_ ...~ =rt ._U&1lJ' RraJ.cIIt l1ao••
tto. -r>oo<:~ __ lMdc 1:1 1nc:r_,,- "f Z7j "" '''' pill, w1Ul
.t:rt1all c... :tM41!lc' Ul<.. be_ 10"t.,~a.
'"'
Sl/lIl,I,RI or IlECEIIT Jt(Jl.TAlt-IoDGRIO.I.'lZ BOND NS'! RES!LTS
At JJ'Pltllx:n<.m:LY SU IIOJn'II$ NJ£
















I _" nh. ot the load. to C&Ua4l bond fLU....... 1n pound.
V Co.1't1c1ent ot V&rl.aUon tor tb.. ""r" t.stood, 1n pe...,..,t
lit lkmbe.r of COr"
vic If.u......c...t raUo
./e _.o_"t ratio
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